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 ǐƼ06²5ȿˎLȹ* 
amp; ampicillin 
AMP; adenosine monophosphate 
ATG; autophagy-related 
ATP; adenosine triphosphate 
APS; ammonium peroxodisulfate 
CC; coiled-coil 
CFP; cyan fluorescent protein 
COG; conserved oligomeric Golgi 
Cvt; cytoplasm to vacuole targeting 
DNA; deoxyribonucleic acid 
dNTP; deoxyribonucleotide triphosphate 
EDTA; ethylenediaminetetraacetic acid 
ER; endoplasmic reticulum 
GARP; Golgi-associated retrograde protein 
GDP; guanosine diphosphate 
GEF; guanosine nucleotide exchange 
GFP; green fluorescent protein 
GTP; guanosine triphosphate 
HA; haemaglutinin 
HOG; high-osmolarity glycerol 
HPLC; high-performance liquid chromatography 
IgG; immunoglobulin G 
MES; 2-(N-morpholino)ethanesulfonic acid 
mRNA; messenger ribonucleic acid 
NSiA; nitrogen starvation-induced autophagy 
OD; optical density 
ORF; open reading frame 
PAGE; polyacrylamide gel electrophoresis 
PAS; pre-autophagosomal structure 
PCR; polymerase chain reaction 
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PE; phosphatidylethanolamine 
PEG; polyethylene glycol 
PKA; protein kinase A 
PMSF; phenylmethylsulfonyl fluoride 
PSiA; phosphate starvation-induced autophagy 
PVDF; polyvinylidene difluoride 
rAPase; repressible acid phosphatase 
RNA; ribonucleic acid 
SDS; sodium dodecyl sulfate 
SNARE; soluble N-ethylmaleimide-sensitive factor attachment protein receptor 
TCA; trichloroacetic acid 
TEMED; N,N,N',N'-tetramethylethylenediamine 
TORC1; target of rapamycin complex 1 
TRAPP; transport protein particle 
Tris; tris(hydroxymethyl)aminomethane 
UAS; upstream activation site 
UPLC; ultra-performance liquid chromatography 
Ura; uracil 
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Ŭ˒  
 
 $;/5ȷȭɢ6ĽȽFŧ4ǝ̽ɼLÄʃ"ɾʙÞȷ¿Þ0ǰ"±˓$H1
0ȷŅ4đǭ3ɾʙÞȭˡCTtYLȸȷ$H(5*Aǝ̽ȯƓLǰɗ4
ƒɑ"/́ê3ƆɮL$H16ȷȭʠ˦5ȷŅLʇƤ$H×0ƅ̵5ǬǦ13H
Ƃȷȭ4Hǝ̽ƒɑ6ȷʗȶĸF5b[qɢ5iwZˡXqgL
®"*Vd\pčƆ4E-/Ǯ1Đȗ!Ḯb[q¸˾ʁ˥ ͅ(5ʂǗǝ
̽ȯƓ4ēK&/̃¸ńɆȴ5wiļÿ$HÃ7őǝ̽ǒµ06˘ő3
ǝ̽ɼ1TtYț5B10hēƖÈ!IiwZˡēƖ4E-/ɾʙ
Ĺǳ˺ʯ$H""ǝ̽ɼǙȕ$H1hēƖÑǯ"/ʓˇȈƉ¾
$H11B4b[q¸˾ʁ˥̃¸ńɆȴLďƩ̂Ɵ$H10ǝ̽ɼ5ȲžL
È$iwZˡ5ɆȴȈƉÿ!IH("/ǝ̽ɼ5Ǚȕȑð43H1ɾʙˡƖ
é5éˀÈ!I(5éˀȸȭ4E-/Ǚȕ"*ǝ̽ɼLʵ1ɑFI/G
5éˀǬǦ5.4Uo{NcH 
 Uo{Nc6ʠŢ5ɾʙˡƖéLéˀ^woo0Hhhȏʙ
:˫˳"/éˀ$HǬǦ0G̈ ǶFĢ¢̺>0Ɏǟȷȭ4/ŨūÊŅ!
I*ǬǦ0HUo{NcǬǦ6(5˫˳Ŷů4E-/ZUo{Nc
ZUo{Ncb®ĭƉUo{Nc5͉.4é̺!IH
̈́Wang and Klionsky, 2003; Massey et al., 2004 ͅZUo{Nc06Ħȯ5
ʞǦ˸¿ɾʙˡƖéLþ?˯?3Fº̕$H10ǋɿɇ4¥̋ʞǦ˸5˫˳Ř
ʙŶƖ!I(Ihhȏʙ1ʮē$H14E-/Þþȭéˀ!IH
(I4ŕ"/ZUo{Nc6hhȏʙ̡ǿ$H10ɾʙˡƖé
LɋƭhhȏʙÞ4ďG˯@ǬǦ0Hb®ĭƉUo{Nc6
ȴĭĢ¢̺5?0ĳĚ!I/HǬǦ0GbiwZˡ5̙4E-/é
ˀŕ˙13HiwZˡ̈́˰ũRNAC DNABĲˡ13H1ĳĚ!I*ͅh
hʞL˶˽$H10Þ̄4ďG˯>IHǬǦ0Ḧ́Fujiwara et al., 2015; Hase 
et al., 2015 ͅ50ZUo{NcĿʼǩ3éˀ4ǋB˜ȱ"/G
Ù˺ɇ4ˀǖ˺AFI/H1Fą4Uo{Nc1ĝ7IH1ľ
ǐĆĻ˒Ƽ4/B²̝6ZUo{NcǬǦLUo{Nc1ĝɟ$H 
 Uo{Nc6ǝ̻̽̾L6#A1"*dodǒµ4Ɔɮ"/ˍŗ!Iɾʙ
ˡ4H̨̤ʞ5ǀȷ̨̤ʞ5º̕	º̕"*̨̤ʞ5ÙɩĔĻ5ʮē4E
H¥̋ʞǦ˸¿Uo{N_h5ŶƖ
Uo{N_hĽʞ1hh
ȏʙʞ5ʮē̈́Uo{NclZnP5ƶè ͅhhȏʙÞ5øǺéˀ̈
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ɼ4EHÞþȭ̈́ iwZˡCUWt32 5ͅéˀ1}fd0˺ʯ$Ḧ́ Fig. 
1 ͅ5ǬǦ6ɾʙˡƖéḼ̂Ɵɇ4éˀ$H1Ȯƃ0GvZUo{N
c1Bĝ7Iéˀȸȭ5àîȹL˶"/ˤ"*ǝ̽ɼLʵ1Fǝ̻̽̾4
ŕ$HȷŅƗȿ1"/Ǭʚ$Ḧ́Onodera and Ohsumi, 2005; Rabinowitz and White, 
2010 ͅ>*ȴĭ06Uo{N_h4̃¸ņŶƓņɇ4̺»"*˫˳Řʙ4
E-/ɾʙˡ4Ņĭ$HȮŉƖéLhhȏʙ:˫˳$HĲˡȮɀɇ3Uo
{NcǬǦ5ŅĭBǅF43-/Hèʥ̈Ƕ Saccharomyces cerevisiae06
ȏʙ̈ɼ5ñ̿ȭˡLȏʙ:˫˳$H Cytoplasm to vacuole targeting̈́Cvtͅʁ˥L6
#Amitophagÿ́o^pO ͅpexophagÿ́UXbh ͅribophagÿ́
h ͅERphagÿ́ Řʙ¿ ͅnucleophagÿ́ ǟͅǅF43-/Ḧ́Kim et al., 
1997; Hutchins et al., 1999; Kraft et al., 2008; Kanki et al., 2009; Mochida et al., 2015 ͅ
Ģ¢̺0B mitophagyL6#AiwZˡ5å̧¿Lŕ˙1"* aggrephagyɃĈ
ʧLŕ˙1"* xenophagyɑFI/Ḧ́Lamark and Johansen, 2012; Murrow and 
Debnath, 2013 ͅ(5*AUo{NcǬǦ6ɾʙÞ±˓4ɀŧǬʚLə$iw
ZˡCUWt32L̠Ċ$H10ɾʙÞ5Ġˡɰȵ5ŹõLơĢ¢̺4
/6!F4ƒǛɄCɆɅƜïɭɂƌCɛʁļƉɂƌ32ľǧ3ɂƌïſ4/U
o{Nc̋ʹ0H1ʔFI/H 
 Uo{Nc5ȷȵɇŹõCˍŗVre5ˀǅ5*A5̃¸ņɇéńȷȭņ
ɇ3ďGʀ?6èʥ̈ǶLŕ˙1"*ɓɥÙŗ"/*èʥ̈Ƕ06ɦɼCȣɼ
ɖ̓̉5E3ľ̍ǝ̽ɼ5Ǚȕ4Ɔɮ"/Uo{Ncˍŗ!IH1
ɑFI/Gɒˍŗǈ̘0ʨ"Uo{NcȈƉÿ!IHɦɼ̻̾ˍŗǒ
µ1"/ūîȹ!I/Ḧ́Takeshige et al., 1992; Shirahama et al., 1996 ͅUo
{Ncˍŗ6b[q¸˾ʁ˥4E-/ĉŐ4ïſ!I/Gɦɼ̻̾06 Target 
of rapamycin complex 1̈́ TORC1ͅf`bq1"/Uo{NcȈƉL
ïſ$H1ɑFI/Ḧ́Noda and Ohsumi, 1998 ͅUo{NcǭưǞ6̌
ȷǞ1Ǹ˩"/ɦɼ̻̾ǒµ4/Ǳ4ǆ¥Í¿ɾʙ06ʙńŶƖʚ1ɾ
ʙéÿǭư5ʲȴįLə$1ǅF43-/Ḧ́Tsukada and Ohsumi, 1993 ͅ
(5Ĉĩ1"/ɦɼ̻̾06EGĿ3Uo{N_hŶƖ!I/ɾʙˡƖé
5éˀLÈ"ȶĸFÄʃ03Oủ325̘±˓ȭLéˀȸȭ0ʵ
1ʔFI/Ḧ́Onodera and Ohsumi, 2005; Xie et al., 2008 ͅȣɼ̻̾̈́[^
d̻̾ 0ͅBUo{Nc6ˍŗ!IHUo{NcȈƉ1"/6ɦɼ̻̾
EGB¾̈́Takeshige et al., 1992 ͅ[^d6ˀɷɸ4EH ATPȷȸ4ƅʹ0
H1F[^d̻̾06ɾʙÞ5 ATP ̍C ATP FēƖ!IHȶȯ AMP
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̈́cAMP̍ͅ5¾ʔFIHcAMP ÅŅɇ3b[q¸˾Xqg1"/ PKA
̈́protein kinase Aͅ1 Sch9ɑFI/G5 2.5XqgB TORC1̭ÅŅɇ
4Uo{NcˍŗLïſ$H1F[^d̻̾ǈ5Uo{Ncˍŗ4
̙$H1ʔFIḦ́Toda et al., 1988; Tamaki, 2007; Yorimitsu et al., 2007 ͅ
>*̭ Ɇ̈Ɖ5¢̉Ląȣɼț1"*őǝ̽ıĮ̈́ YPLacıĮ ͅFǋŘıĮ̈́ SLac
ı Į ͅ : ̈ Ƕ ɾ ʙ L ɠ $  1 0 B U  o { N c  6 ˍ ŗ ! I 
non-nitrogen-starvation-induced autophagÿ́NNSUo{Ncͅ1ĕɟ°FI*
̈́Wu and Tu, 2011 ͅ5 NNSUo{Nc5ˍŗ6kUrCbdmQ32
5ɖ̓ėǌOủ5ȓø0̛ō!IH1Fɖ̓ėǌÿēȭUo{Ncˍ
ŗLïſ$HđʚƉʔFI/Ḧ́Sutter et al., 2013 ͅ 
 ²×5E4èʥ̈Ƕ06ǧ3ǒµ4Ɔɮ"/Uo{Ncˍŗ!IH1
LǅF4!I/*ɀ3Hˍŗǒµ4HUo{NcȈƉ5Ǹ˩6ʯKI
/3-*>*Uo{Ncˍŗ5éńVre5ˀǖ6ɦɼ̻̾Lˍŗǒ
µ1"/˺AFI/Gɀ3Hˍŗǒµ4EHUo{NcˍŗǬǦ5˿Bˑ;
FI/3-*(0ǐĆĻ˒Ƽɓɥ06̉5̻̾ǒµ4ɏɊ"*
̉6ɦɼȣɼɖ̓1Ĕǧ4ȷʗ4đǭ0G̋ʹ3ɾʙÞƖé5ǦƖʹɼ1
3H+03iwZˡË̼CȷĞȈü4HʠȻTtY32ɾʙÞ±˓
4ū̙$Hǝ̽ɼ0H(5*A$;/5ȷȭɢ41-/̉5Ǚȕ6ȑð
3Ĥ̸+1ʔFI*̉1Uo{Nc5̙˹Ɖ6<1M2ˑ;FI/3
-* 
 ǐĆĻ˒Ƽɓɥ06èʥ̈Ƕ4H̻̉̾ˍŗƉUo{Nc̈́PSiA; 
phosphate starvation-induced autophagy 4ͅɏɊ"/ɓɥ4ďGʀ?ɪɨ06 PSiA
ˍŗ1̉±˓ɸ15̙˹Ɖ4./ˑ;*>*ɪ¥ɨ06ɦɼ̻̾ˍŗƉU
o{Nc̈́NSiA; nitrogen starvation-induced autophagyͅ0ĳĚ!I/*ɑʻLB
14 PSiA 5ˍŗVre5ˀǖLʯ2ɢ̺5ˍŗǒµ4HÝ˶ȤE9Ɍ
˿Ȥ5ɆʻLˊ?* 
 
 
 
 
 
 
 
Fig. 1 A schematic model of bulk autophagy and Cvt pathway in yeast.
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ɪɨ èʥ̈Ƕ4H̉±˓ɸ1Uo{Ncˍŗ5̙ÇƉ 
 
1 ʉˁ  
 
 ̉6sZUkpCʛˡ32ľɢľǧ3ȷ¿éń4đǭ3ǝ̽ɼ0H
>*Ȯŉ5OủǲĲ̈́Ser, Thr, Tyrͅ5̉ÿL®"/iwZˡ5ȈƉïſ
LơATP 4H̉ʂē5ÿņTtY6FDHɾʙȈü4HʠȻ
TtY1"/Ǭʚ$H²×F$;/5ȷȭɢ41-/̉6ȷĞȴ˙5Ǡ
Ū4̙KH̋ʹ3ǝ̽ɼ0G̉5Ǚȕ6ȑð3Ĥ̸+1ʔFIHŋ̥4
ɦɼțCȣɼț4øèʥ̈Ƕ6̉ț5Ǚȕ4E-/(5ȷʗ G0/G1 Ǎ0Ñ
ǯ$H1ɑFI/Ḧ́De Virgilio, 2012 ͅ(5*AȶĸȥǬ̉5ďG˯
?ʚ÷Lïſ$HǬǦC͂̉ǒµǈ4̉L˞ʪ"/ƅʹǈ4±˓:îȹ$H
ïſǬǦƅʹ13H 
 èʥ̈Ƕ S. cerevisiae 4/ȥǬ̉5ƒɑCȲž˞ʪ32Lơ̉
±˓̙˹ĩń5˧á64 phosphate-responsive signaling pathwaÿ́PHOʁ˥ͅ4
E-/ïſ!IH1ɑFI/Ḧ́Fig. 2̈́ͅ Oshima, 1997 ͅȶĸ5̉ȡŭ
͂ǈ`QZÅŅƉiwZˡXqg Pho851(5`QZ Pho80F
ǦƖ!IHʷē¿4E-/˧áȈƉÿĩń Pho4 6̉ÿ!IǟĽ:˫˳!IH
(5*A̉±˓̙˹ĩń5˧á6Ɯï!IPHO ʁ˥4E-/Ɇȴïſ!I
3¾ʾğƉ̉odi4E-/˽ô3ȥǬ̉5ďG˯?̛ǯ!
IH""ȶĸ5̉ȡŭ¾$H1Pho85 5̛ōĩń Pho81 
Pho80-Pho85 ʷē¿5XqgȈƉL̛ō$H10 Pho4 5̉ÿE9ǟĽ:
5˫˳L̚Ĕ#˧áȈƉÿĩń Pho21Ąˑ"/̉±˓̙˹ĩń5˧áȈ
Ɖÿ!IH5 PHOʁ˥5ïſ4H̉±˓̙˹ĩń46͂ʾğƉ̉o
di0H Pho84 C Pho89̉Ɖd{Nig Pho5 COVƉd
{Nig Pho832ƦFI/Ḧ́ Fig. 3̈́ͅOshima, 1997; Ogawa et al., 2000 ͅ
IF5˧áȈƉÿ!IH10ȶĸ5ȥǬ̉5ɾʙÞ:5ďG˯?C
̉ėǌÿēȭF5̉Ĳ5ȲžÈ!IɾʙÞ5̉ȡŭLŉ4Ê11$
H1ɑFI/H 
 >*èʥ̈Ƕ6Ŀ̍5ȥǬ̉L̉ȥǺʂē4E-/ɋʊȯ4ƺÌƺĂÌ
ʂē!&*̉1"/ȏʙÞ4˞ʪ$H1ɑFI/Ḧ́ Urech et al., 1978; 
Wood and Clark, 1988 ͅ5ȏʙÞ̉4E-/ȶĸ5̉țǙȕ"/
BɾʙˡÞ̉ȡŭLŉ4Ê.10ɾʙěǍ 2Ǎ̘é6ȷʗLʇƤ$H
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10Ḧ́Shirahama et al., 1996 ͅ5ȏʙÞ̉6ȏʙʞ×0 4.5i
wZˡF3H̉odiʷē¿̈́ Vtc1-Vtc2-Vtc3-Vtc4 4ͅE-/ēƖ!
I(5Âȹǈ46ȏʙÞ4śĭ$HTpį̉éˀ̈ɼ Ppn1̉
Lɒą½4éˀ$H1ʔFI/Ḧ́ Ogawa et al., 2000; Sethuraman et al., 2001 ͅ
>*ȴĭĔŉ!I/H¾ʾğƉ̉odi5,ȏʙʞ×4śĭ$
H Pho91 ȏʙÞ5ȥǬ̉Lɾʙˡ:ƫè$HǬʚLƤ.1ĳĚ!I/
Ḧ́Hürlimann et al., 2007 ͅ 
 ²×5E4èʥ̈Ƕ46¾̉ǒµH6̻̉̾ǒµ4/Bɾʙˡ
Þ5̉ȡŭLŉ4ʇƤ$H*A5b[q¸˾Vd\pŅĭ"(5ˋɾ3
ɓɥ˺AFI/*""Ùʯɓɥ4E-/èʥ̈Ƕ4H PSiA5Ņĭ4.
/ˁČ!I*B55(5ˍŗCˍŗǬǦ̉±˓ɸ15̙ÇƉ32ˋ
ɾ3ɑʻ6žFI/3-*̈́Shirahama et al., 1996 ͅǐɨ06PSiA4ɏɊ"
PHO ʁ˥CȏʙÞ̉5±˓ɸ15̙˹Ɖ4./ˀǖ$H1LɊɇ1"*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2 ŋ̀ǑƾE9ǁȂ  
 
2-1 ÂȹʧǞ 
 S. cerevisiae BY4742Ǟ̈́MATα leu2∆0 his3∆1 lys2∆0 ura3∆0ͅFĈǝ̽ǞLÁʶ
"/̌ȷǞ1"̃¸ńɕĺǞLÁʶ"*Table 14ÂȹʧǞ5ʽLə"* 
 
2-2 ˊʫ 
 Ȯ4ʲ˅5ȥ̞GğÚɺʫ̈́ Ǟ 5ͅȮɻˊʫL́ ŊUoZ|çȵ̈́ 121°C
20éͅ"/Âȹ"*Ēɢï̞̈ɼË̼̈ɼ6iVvQǗǞͅC New England 
BioLads5B5ĹŊÂȹ"ȓ°!I*}o^4Ž-/čƆ!&* 
 
2-3 ıĮ 
 ǐɓɥ4Âȹ"*ıĮ5ʀƖL²4ə"*ıĮ6$;/UoZ|çȵ
̈́121°C20éͅ"/Âȹ"}oLÁʶ$H̥46ĒıĮ4 2%43HE4Œ
ŀLø*¼"LB+ampıĮ46 1.5%13HE4ŒŀLø* 
 
͇̈́ͅYPD ıĮ͑1% Bacto yeast extracẗ́ǂǐZonPlXhͅ, 2% 
polypepton, 2% glucose 
͈̈́ͅYPD+G418ıĮ͑̈́ ͇ͅ4 200 µg/mL G418̈́Sigma-AldrichͅLȓø"*B5 
͉̈́ YͅPD+clonNATıĮ͇͑̈́ 4ͅ100 µg/mL Nourseothricin̈́ WERNER BioAgents, Jena, 
GermanyͅLȓø"*B5 
̈́͊ͅSC̈́synthetic completeͅıĮ 
0͑.17% yeast nitrogen base without amino acid and ammonium sulfatë́ Formedium, 
Norfolk, UKͅ, 0.5% ammonium sulfate, amino acid̈́0.002% Arg, 0.01% Asp, 
0.01% Glu, 0.008% Ile, 0.002% Met, 0.005% Phe, 0.04% Ser, 0.02% Thr, 0.06% 
Tyr, 0.015% Val ,ͅ 2% glucosë́ Âȹ$Hǒµ4ēK&/ 0.002% Ura, 0.002% Ade, 
0.002% Trp, 0.001% Leu, 0.002% His, 0.012% LysLȓø"/ SCıĮ1"*ͅ 
̈́͋ͅSD̈́synthetic dextroseͅıĮ 
͑0.17% yeast nitrogen base without amino acids and ammonium sulfate, 0.5% 
ammonium sulfate, 2% glucose 
̈́͌ͅSDNıĮ͑0.17% yeast nitrogen base without amino acids and ammonium 
sulfate, 2% glucose 
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͍̈́ͅSDCıĮ͑0.17% yeast nitrogen base without amino acids and ammonium 
sulfate, 0.5% ammonium sulfate 
͎̈́ͅSDP ıĮ͑0.57% yeast nitrogen base without amino acids and phosphate
̈́Formedium, Norfolk, UKͅ , 0.056% potassium chloride, 2% 
glucose 
̈́͏ 2ͅ×YT+ampıĮ͑ 1.6% Bacto trypton̈́ ǂǐZonPlXh ,ͅ 1% Bacto 
yeast extract, 0.5% NaCl, 50 mg/mL ampicillin 
͇̈́͆ͅLB+ampıĮ͑1% Bacto trypton, 0.5% Bacto yeast extract, 0.5% NaCl, 50 
mg/mL ampicillin 
 
2-4 }dp5ďž 
 ǐɓɥ4ȹ*}dp6 Table 24ə"* 
 
2-4-1 Ŀʝʧ5Ŷˡ˧Ư 
 ʀƯ}dp5ďž46 Escherichia coli DH5α̈́supE44, lacU169, hsdR17, 
girA96, thi-1, relA1ͅLȹ*Ŀʝʧ5^zmof5ÁʶE9Ŷˡ˧ƯƳÁ
6 InoueF5ǁȂ4Ž-/ʯ-*̈́ Inoue et al., 1990 ͅ$3K,-80°C0ÊŅ"/*
Ŀʝʧ5^zmofLʮˀ"}dp DNAȝȏ 0.5~1.0 µLLø*ǻ
4 30é̘ƶʏ"*5,42°C0 30ɞ̘xoblZLà9ǻ4Ƙ"/ 5
é̘ƶʏ"*5ȝȏL LB+ampŒŀıĮ4ĵţ"37°C0ǉı̽"* 
 
2-4-2 OV-SDSȂ4EH}dp DNA5ˑʶ 
 }dp DNA 5ˑʶ6OV-SDS Ȃ0ʯ-*LB+amp ŒŀıĮ0ȷʗ"
*Ŀʝʧ5 1^rL 2 mL5 2×YT+ampȏ¿ıĮ4Ǣʧ"37°C0 12~16ǈ̘Ƨ
1ı̽"*ı̽ȏL 1.5 mLŎ`}k|4ɠ"20,400 × g0 1é̘̀Ƅ
"*ż×ȔLďG̠ʧ¿L 100 µL5 Solution	 2.5 mM Tris-HCl, pH 8.0, 10 mM 
EDTA, 50 mM glucose 4ͅƕȠ"*Ǯ4 200 µL5 Solution̈́ 0.2N NaOH, 1%̈́ w/vͅ
SDSͅLø/ɤC4Ȓğ"ǻ0 3é̘ƶʏ"*I4 150 µL5 Solution
̈́3 M potassium acetate, 11.5% glacial acetate Lͅø/ȟ"ƱƢ"/F150 µL
5 10 M ammonium acetateLø/EȒ'*(5ż4°C20,400 × g0 5é̘
̀Ƅż×Ȕ 600 µLLǀ" 1.5 mLŎ`}k|4ɠ"600 µL5 2-}w
uLø/̀Ƅż×ȔLďG̠*("/ 600 µL5 80% Tiu0ȆȊ
"̀ Ƅ"/ 80%TiuLďG̠loL£Ȫ!&*ż4 20 µL/mL RNase A
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Lė@ 100 µL5 TË́10 mM Tris-HCl, pH 8.0, 1 mM Na2EDTAͅ4ȝˀ!&/}d
p DNAȝȏ1"*žFI*}dp6́ŵ3ï̞̈ɼ0çȵ"*5,0.8%O
Wd]̈́Genemate LE agarose, Bioexpress, Kaysville, UT, USA̪ͅǹȄüLʯ
Ɋɇ5}dp0H1Lɗˌ"* 
 
2-5 ̈Ƕ5Ŷˡ˧Ư 
 ̈Ƕ5Ŷˡ˧Ư6 AmbergF̈́2005ͅ4Ž-/ʯ-*ʧǞL YPDŒŀıĮ4Ǣʧ
"/ 30°C0 2~3ǂ̘ȷʗ!&*ż(5b[^rLȫǤǘ0ďG5 mL
5 YPD ȏ¿ıĮ4ƕȠ"/ 30°C 0ǉı̽"ñı̽ȏ1"*ñı̽ȏ5ʧ¿ȡŭ
LȚŉ"10 mL5 YPDȏ¿ıĮ4 OD600  0.1>*6 0.443HE4ñı̽ȏL
ǢʅOD600 = 1.0 ~ 1.513H>0 30°C0ı̽"*̈́(I)I 7ǈ̘4ǈ̘ɡ
ŭ ͅ(5żı̽ȏL 15 mLŎ^rVk|4ɠ"600 × g0 2é̘̀Ƅ"/ʧ
¿LĨĎ"*ı̽×ȔLƩ/1 mL5ȞʧǺ4ƕȠ"*ż1.5 mLŎ`}k
|4ɠ"2,300 × g0 1é̘̀Ƅ"à9̧ʧLʯ-*ȞʧǺL̠Ċ"*ż160 
µL5 50%̈́w/vͅpolyethylene glycol̈́Sigma-Aldrich ͅ40 µL5 1 M lithium acetate
̈́Sigma-Aldrich ͅ10 µL5 2 mg/mL`\ɶń DNÄ́Sigma-Aldrich, Âȹñ4 5é̘
ȧȀ"ǻ0ƈâ"*B5LÂȹͅLømlZdX`0EƱƢ"/ʧ
¿LƕȠ"*(5żƕȠȏL 2.5ǀ" 1.5 mLŎ`}k|4ă̍%.é
ȃ"ǁ4 1 µL5}dp DNALBǁ6tWmP|^o1"/ 1 
µL5ȞʧǺLøƱƢ"/Ŷˡ˧Ưȝȏ1"*čƆȝȏL 30°C0 30é̘QX
o!&*ż42°C 0 20 é̘xoblZ!&*čƆżŶˡ˧ƯȝȏL
2,300 × g0 1é̘̀Ƅ"×ȔL̠*ʧ¿L 100 µL5ȞʧǺ4ƕȠ"̂ƟıĮ
5}o4ĵţ"/ 30°C0 2~3ǂ̘ı̽"*ȷʗ"/*^rLàŭǀ"
̂ƟıĮ4Ǣʧ"Ŷˡ˧Ư¿1"* 
 
2-6 YHY36Ǟ5Áʶ 
 YHY36Ǟ̈́MATα ura3∆ͅ6èʥ̈Ƕ BY4742Ǟ̈́MATα ura3∆0 leu2∆0 his3∆1 
lys2∆0 5ͅ leu2∆0, his3∆1, lys2∆0OL(I)I LEU2, HIS3, LYS2Lė@ DNAƿ
Ȭ0ʏƯ$H14E-/Ȳž"*IF5 DNAƿȬ6 PCRȂ0ž*PCRȂ0
ȹ*U_sZUkp}Q5ēƖ6{PcSuZdǞů·ɚ4
ł˄"ɪɨ0Âȹ"*Ü/5}Q6 Table 34ə"*²4ˋɾLə$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2-6-1 ̂ƟV̃¸ńƨÛȹ{[o5Áʶ 
 Ŷˡ˧Ư4ȹ* DNAƿȬ6̂ƟV̃¸ń5̗Ł^pF×ȉ 400~600 
bp5̆ëB"6ɿǯ^pFȉ 400~600 bp5̆ë1ɌĔ3ɹ 20ĶĲ5̆ë
F3HU_sZUkp}QLȹ* PCRȂ4E-/Áʶ"*DNA
g46 Ex-Taq DNA PolymeraseLȹ/²4ə"*ʀƖ0čƆLʯ-*̐
į DNA 46̂ƟV̃¸ńLė@}dp DNApRS413̈́HIS3 ͅpRS415
̈́LEU2ͅE9 BY47415]u DNÄ́LYS2ͅLȹ*PCRȝȏL 95°C0 2é
̘čƆż95°C 0 30 ɞ58°C 0 30 ɞ72°C 0¶Ƒ5ǈ̘̈́LEU2; 3 éHIS3; 2
éLYS2; 5éͅL 30`QZʎG˱"ǋż4 72°C0 10é̘čƆ!&* 
 
  Sterile water   41 µL 
  10 × Ex-Taq buffer   5 µL 
  10 mM dNTP   1 µL 
  50 µM 5’ primer   1 µL 
  50 µM 3’ primer   1 µL 
  Template DNA   1 µL 
  Ex-Taq DNA polymerase (5 units/µl) 0.25 µL 
  Total    50 µL 
 
2-6-2 ̈Ƕ5͂ûȳŶˡ˧ƯȂ 
 2-6-1 0ž* DNA ƿȬLȹ/Ŷˡ˧ƯLʯ-*Ŷˡ˧Ư6 2-5 5̳4Ž-/ʯ
-*ı̽ʧ¿LĨĎ"* 1.5 mLŎ`}k|: 480 µL5 50% PEG400072 
µL5 1 M lithium acetate50 µL5 2 mg/mL`\ɶń DNA ̈́Âȹñ4 5é̘ȧȀ"
ǻ0ƈâ"*B5LÂȹ LͅømlZdX`0EƱƢ"/ʧ¿LƕȠ
"*ƕȠȏL2ǐ5ǀ"1.5 mLŎ`}k|:ă̍%.éȃ"ǁ42-6-1
0Áʶ"*ƨÛȹ{[oL 50 µLøBǁ46 50 µL5ȞʧǺ̈́ tWmP
|^oͅLø* 
 ƨÛ5ɗˌ6Ɋɇ1$ĤƟV̃¸ń5Oủė>I/3 SCȏ¿
ıĮE9 SCŒŀıĮ4EHȷʗʿœ4E-/ʯ-* 
 
2-7 ̈Ƕ5̃¸ńʏƯɕĺ 
 ̈Ƕ5̃¸ńʏƯɕĺ6 loxP VbdmLȹ/ʯ-*̈́Gueldener et al., 
2002 ͅ 
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2-7-1 PCRȂ4EH̃¸ńʏƯɕĺȹ{[o5Áʶ 
 ̃¸ńʏƯɕĺȹ{[o63′Ò4}QÝ˶5 19~22ĶĲ5′Ò4Ǩɇ
̃¸ń5̗Ł^p5×ȉ̆ëB"6ɿŁ^p5ȉ̆ë1ɌĔ3 45ĶĲ5̆ë
F3HU_sZUkp}QLȹ* PCRȂ4E-/Áʶ"*DNA
g46 EX-Taq Polymerase Lȹ/²4ə"*ʀƖ0čƆLʯ-*̐į
DNA 1"/ pUG6̈́kanMX4 ͅpUG27̈́HIS5 ͅpUG72̈́URA3 ͅpUG73̈́LEU2ͅ
1 pFA6a-natNT2̈́ natNT2 Lͅȹ*̈́ Gueldener et al., 2002; Janke et al., 2004 ͅPCR
ȝȏL 95°C 0 30 ɞ58°C 0 30 ɞ72°C 0¶Ƒ5ǈ̘̈́pUG73; 3 é(5¯͑2
éͅL 30`QZʎG˱"ǋż4 72°C0 10é̘čƆ!&* 
 
  Sterile water   41 µlL 
  10 × Ex-Taq buffer   5 µL 
  10 mM dNTP   1 µL 
  50 µM 5’ primer   1 µL 
  50 µM 3’ primer   1 µL 
  Template DNA   1 µL 
  Ex-Taq DNA polymerase (5 units/µl) 0.25 µL 
  Total    50 µL 
 
2-7-2 ̃¸ńʏƯɕĺ 
 2-7-10ž* DNAƿȬLȹ/Ŷˡ˧ƯLʯ-*Ŷˡ˧Ư6 2-6-25̳4Ž-/ʯ
-*¼"kanMX4 E9 natNT2 VƨÛ!I*Ǟ5̂ƞ46(I)I
YPD+G418ŒŀıĮYPD+clonNATŒŀıĮLȹ* 
 
2-7-3 ̈ǶF5]u DNAƠè 
 ]u DNA5Ơè6 Method in Yeast Genetics̈́ Amberg et al., 2005ͅ4Ž-/ʯ-
*ÏʵǞL 5 mL5 YPDȏ¿ıĮ4Ǣʧ"/ǉı̽"*ʒǂı̽ȏL 15 mL
Ŏ^rVk|4ɠ"600 × g0 2é̘̀Ƅ"×ȔL̠*1 mL5ȞʧǺ
Lø/ƕȠ"*ż1.5 mLŎ`}k|4ɠ"*2,300 × g0 1é̘̀Ƅ"
/×ȔL̠(: 0.2 mL5 lysis buffer̈́ 2% Triton X-100, 1% SDS, 100 mM sodium 
chloride, 10 mM Tris-HCl, pH 8.0, 1 mM Na2EDTAͅLø*!F4 0.3 g5¾OV
[dyë́ Ň¨ĥǡ Lͅø 3~4é̘mlZdX`0ȟ"ƱƢ"*
0.2 mL5 TELø20,400 × g0 5é̘̀Ƅ"*żǺŝ 0.4 mLLǀ" 1.5 mL
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Ŏ`}k|4ɠ"*(:20°C0âć"* 100%TiuL 1 mLø
˨ƱƢ"*ż4 4°C20,400 × g0 5é̘̀Ƅ"*̀Ƅż×ȔL̠£Ȫ!&*
ż500 µL5 TE4ȝ"* 
 
2-7-4 ̃¸ńʏƯɕĺ5ɗˌ 
 2-7-30ďž"*]u DNAL̐į1"* PCRȂ4EG̃¸ńʏƯɕĺ5ɗˌLʯ
-*U_sZUkp}Q6Ǩɇ̃¸ń5ʏƯɕĺʯKI*̥45?Ĺ
Ũ!IHE4Ǩɇ̃¸ń5×ȉ̆ë 500 bp°˰1ĒV̃¸ń5Þ̄4ˆ˂
"*²4ə"* PCRȝȏL 95°C0 5é̘čƆż95°C0 30ɞ58°C0 30ɞ
72°C0 2éL 30`QZʎG˱"ǋż4 72°C0 10é̘čƆ!&* 
 
  Sterile water   15.7 µL 
  10 × Ex-Taq buffer   2 µL 
  10 mM dNTP   0.4 µL 
  50 µM 5’ primer   0.4 µL 
  50 µM 3’ primer   0.4 µL 
  Genome DNA   1 µL 
  Ex-Taq DNA polymerase (5 units/µl) 0.1 µL 
  Total    20 µL 
 
2-8 ǝ̻̽̾ˍŗ5*A5ı̽ǁȂ 
 2-6 ̳4Ž-/OủʹǼƉƀŦǞLÁʶ"ǲH ura3∆0 O6Ēˀǖ4́"
*iiwZˡɆȴȹ}dp5ŗÛ5*A5̂ƟV1"/îȹ"
*Ž-/ˀǖ4ȹHǞ6Oủ32Lė>3ǋŘıĮ̈́SDıĮͅ0ȷʗ0
H 
 }dpŗÛǞL 5 mL5 SDȏ¿ıĮ4Ǣʧ"30°C0 10~12ǈ̘ı̽"/ñ
ı̽ȏ1"*ñı̽ȏ5Ƞŭ̈́OD600ͅLȚŉżOD600 = 0.03~0.0513HE4ǐ
ı̽ȏ:ǢʅLʯOD600 = 1.0~1.513H>0 30°C0ı̽"*̈́ ɹ 12ǈ̘ ͅ
5ǐı̽ȏLőǝ̽ǒµ̈́0 h >*6 SDͅ5`}1"/ˀǖ4Âȹ"*ǝ̽
̻̾ˍŗLʯ*A4ǐı̽ȏ5ıĮLǝ̻̽̾ıĮ4ʏƯ"ı̽Lʅʆ"*$
3K,ǐı̽ȏL 15 mLŎ^rVk|:éȃ"600 × g0 2é̘̀ƄLʯ-
/×ȔL̠*ż5 mL5 QǺ0ƕȠ"/ɾʙ5ȆȊLʯ-*à9 600 × g0
2é̘̀ƄLʯ-/×ȔL̠OD600 = 1.013HE4Ɋɇ5ǝ̻̽̾ıĮLø
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/ʧ¿LƕȠ"/ 30°C0ı̽Lʯ-* 
 
2-9 RSdi|loȂ4EHǝ̻̽̾ˍŗƉUo{Nc5ˀǖ 
 őǝ̽ǒµE9ǝ̻̽̾ǒµ4HUo{Nc5ȈƉȚŉLʯ*A
4GFP-Atg8 H6 CFP*5}fb[ˀǖLʯ-*̈́Cheong and Klionsky, 
2008 ͅ 
 
2-9-1 SDS-PAGEȹ5`}ˑʶ 
 2-8̳4Ž-/ˀǖȹ}dpŗÛǞLǝ̻̽̾ıĮ0ı̽"ʁǈɇ4 1 mL5
ı̽ȏL 1.5 mLŎ`}k|4ĨĎ"*(5̅ŭı̽ȏ5Ƞŭ OD600ÐLȚ
ŉ"*` }k|4ĨĎ"*ı̽ȏ4 100 µL5 100%̈́ w/v tͅrichloroacetic acid
̈́TCA Lͅø*ż4k|L×48-G˱"/Ȓğ!&ǻ×4ʏ/ÊŅ"
* 
 ǻ×4 10é̘²×̬ʏ"*`}6 4°C20,400 × g0 5é̘̀Ƅę́Lʯ-/
×ȔL̠*(5ż1 mL5ǻâ"*OfoLø/mlZdX`0ʣ
ƱƢ"à9 4°C20,400 × g0 5é̘̀Ƅ$H10lo5ȆȊLʯ-*
5ȆȊƳÁL 2Ĩʯ-*ż£Ȫ!&/OfoLňÜ4ǹÿ!&*ı̽ȏLĨĎ$
Hǈ4Țŉ"* OD600 ÐF 0.02 OD600/µL 13HE4 MURB̈́50 mM sodium 
phosphate, 25 mM MES-NaOH, 1% SDS, 3 M urea, 1 mM sodium azide, 0.1%̈́w/vͅ
bromophenol bluë́Sigma-Aldrich ,ͅ 5%̈́w/vͅβ-mercaptoethanolͅLø!F4ɋ
ź 0.5 mm5¾OV[dyë́Ň¨ĥǡͅLř̍ø*3é̘mlZd
4/ɾʙLɕɔ"55°C0 15é̘øș"20°C0ÊŅ"* 
 
2-9-2 SDSOZOp̪ǹȄü̈́SDS-PAGEͅ 
 r}mPO 3f̈́ǂǐvQUlpͅLȹ}o^4Ž-/]ǕL
ʀ?ɧ/*]6́Ŋʿœ"*éń̍4ēK&OZOp 10%~12%5ę́]
̈́30% OZOpȝȏ 1.34~1.6 mL1.5 M Tris-HCl 1.0 mL Q Ǻ 
1.32~1.58 mL10% SDSȝȏ 40 µL10% APS 40 µLTEMED 2 µL ͅ5%5ȡʌ]
̈́30% OZOpȝȏ 0.25 mL0.5 M Tris-HCl̈́pH 6.8ͅ0.375 mL Q
Ǻ 0.84 mL10% SDSȝȏ 15 µL10% APS 20 µLTEMED 1.5 µLͅLȹ*é
̨]ʀƖ5 1.5M Tris-HCl5 pH6 GFP-Atg8Ǟ5`}5̥46 pH8.8CFP*Ǟ
5`}5̥46 pH9.34ˑƻ"*B5Lȹ*Ȅü`}6 5 µL̈́0.1 OD600
ɾʙ4ɌŵͅO}Q"V46 Precision Plus ProteinTM Standards̈́ǂǐvQ
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UlpͅLȹ*20 mA 5ŉ̪ȉ0ȄüLʯɊɇ5vp5½ʏLɗˌ"/
ȄüLǯA* 
 
2-9-3 RSdi|lmP[ 
 od|lo SD f̈́ǂǐvQUlpͅLȹSDS-PAGE ż5]F
iwZˡL˧á"*PVDFʞ46 Immobilom-P Transfer Membranë́ ǂǐOͅ
Lȹ*Transfer buffer̈́48 mM Tris, 38 mM glycine, 20% methanolͅLȹ/ 1ǈ
̘˧á" QǺ0$$+żhȝȏ̈́0.1% ponceau S5% ̇̉ͅLȹ
/ PVDFʞ:5iwZˡ5˧áLɗˌ"*TBS-T̈́0.8% NaCl, 20 mM Tris-HCl , 
pH7.6, 0.1% Tween-20ͅ0ȆȊżTBS-T4 0.3%13HE4dXZLø*
|lX[ȝȏ0 30é̘|lX[Lʯ-*5ʞL|lX[ȝȏ0Ť̊
"*ǮƝ¿ȝȏ0 1 ǈ̘Ōș0QXo"*TBS-T ȝȏ0 5 é̘ȆȊ
LʯƳÁL 3ĨʎG˱"*ż|lX[ȝȏ0Ť̊"*¥ǮƝ¿ȝȏ0 30é
̘Ōș0QXo"*à9 TBS-T0 10é̘ȆȊLʯƳÁL 4ĨʎG˱"
*żƝĈ5ǣèLʯ-*ǣè46\ L̈́qVQmdZͅLȹȷ#
HʭÚL ImageQuant LAS4000̈́GE~d\Ocwͅ4E-/b[qLǣè
"*ǮƝ¿1"/RdƝ GFPƝ¿̈́mFX752,000~5,000ÍŤ̊ͅ1RdƝ
PGKƝ¿̈́22C5D8, 20,000ÍŤ̊Abcam, UKͅL¥ǮƝ¿46ʸȅ`yU
XbjgǨ˕5YƝRd IgGƝ¿̈́ 5,000ÍŤ̊ǂǐvQUlp Lͅȹ*
ǣè!I*b[q6 ImageQuant TL softwarë́ GE~d\Ocwͅ4E-/
ŉ̍ÿ"* 
 
2-10 ǝ̻̽̾ıĮ4Hɾʙ5ȷŅȳ5Țŉ 
 ǝ̻̽̾ˍŗ4EHɾʙ5ȷŅȳ:5Ÿ̰6ǱɾʙLȮɀɇ4Ǜʤ$H phloxine B
̈́Sigma-AldrichͅLîȹ"*ʭÚ̹Ƃ̔ʿœ4E-/ˑ;*̈́Tsukada and Ohsumi, 
1993 ͅ 
 2-8̳4Ž-/̈ǶǞL SDNıĮ>*6 SDPıĮ4ɠ"/ˍŗL*ˍ ŗż
ı̽ȏ 1 mLL 1.5 mLŎ`}k|:ĨĎ"ɿȡŭ 10 µg/mL13HE4
phloxine B ȝȏLȓø"*mlZdX`0EƱƢ"*ż10 éɡŌș0
̬ʏ"/ʭÚ̹Ƃ̔ʿœ5`}1"*ʭÚ̹Ƃ̔ʿœ6nciV
ORCA-Flash2.8̈́Hamamatsu Photonics K.K.ͅLʴÔ"*Îɧį̹Ƃ̔ Olympus IX71
1 MetaMorphh{oRSÖ́Molecular Devices LLC, Sunnyvale, USAͅ4E-/ʯ-
*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2-11 ̈ǶLȹ*β-WZobjgȈƉȚŉ 
 β-WZobjg5ȈƉȚŉ6 Rose1 Botstein5ǁȂ4Ž-/ʯ-*̈́ Rose and 
Botstein, 1983 ͅ²4(5ˋɾL˅˲$H 
 
2-11-1 ɵƠèȏ5ˑʶ 
 iiwZˡɆȴȹ}dp pHS6̈́Ogawa et al., 1995ͅ5ŗÛǞL 2-8
̳4Ž-/ SDPıĮ0ı̽"*OD600 = 5.0Ɍŵ5ı̽ȏL 15 mLŎ^rVk
|:ɠ"/ǻ×0âC"4°C400 × g0 5é̘̀ƄLʯ-/×ȔL̠/250 µL
5|X[vl{N̈́ 100 mM Tris-HCl, pH8.0, 1 mM dithiothreitol, 20% glycerolͅ
4ƕȠ"/ˀǖ4ȹH>020°C0äʂÊŅ"* 
 äʂ!&*`}Lǻ×0ȝˀ!&*żkyeblV̈́Ň¨ĥǡͅL
ȹ/ɕɔçȵLʯ-*ȝˀ!&*`}L 2.0 mLŎ QZk|̈́ ad
iloͅ4Ü̍ɠ"0.2 g5Wdye1 12.5 µL5 40 mM PMSFȝȏ̈́100% Q
h}wu4ȝˀ Lͅø*ǻǺLƁȶ!&H10c\loLâC"*
kyeblV0 2,500 rpm1é̘5ɕɔçȵL1é̘âC$ƳÁL 6Ĩ
ʯ-*(5ż250 µL5|X[vl{NLø/ʣȒğ!&4°C20,400 
× g0 15é̘̀ƄLʯ×ȔL 1.5 mLŎ`}k|:ɠ"/ɵƠèȏ1"* 
 
2-11-2 β-WZobjg5ȈƉȚŉ 
 žFI*ɵƠèȏ 10~100 µL4 900 µL5 Zvl{N̈́60 mM Na2HPO4, 46 mM 
NaH2PO4, 10 mM potassium chloride, 1 mM MgSO4, 0.27%̈́v/vͅβ-mercaptoethanolͅ
Lø|X[vl{N0Ü̍L 1 mL4ēK&*ȝȏL 28°C0 5é̘Q
Xo"0.2 mL5 o-nitrophenyl-β-D-galactopyranosidedolZȝȏ̈́ 4 mg/mL
5ȡŭ0 Zvl{N4ȝˀ Lͅȓø"/čƆL̗Ł"*čƆȏȐ̓ʤLę$H>
0 28°C0QXo"0.5 mL5 1 M Na2CO3ȝȏLȓø$H10čƆLÑǯ
!&*čƆǈ̘L˅̑"čƆȏ5 420 nm4HĘÚŭLȚŉ"*>*Üi
wZˡŉ̍L Protein Assay Bicinchoninate kiẗ́qVQmdZͅLȹ/ʯǸ
ȈƉL²5ů4ŵ/6A/˂ɯ"* 
 
OD420 × 1.7 
0.0045iwZˡ̍̈́mg/mLͅɵƠèȏ̍̈́mLͅǈ̘̈́minͅ 
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2-12 ̉Ɖd{Nig̈́rAPase; repressible acid phosphataseͅ5ȈƉȚŉ 
 ̈Ƕ5ı̽ȏLȹ* rAPase5ȈƉȚŉ6HuangF1 HürlimannF5ǁȂ4Ž-
/ʯ-*̈́Huang and O'Shea, 2005; Hürlimann et al., 2007 ͅ 
 2-8̳4Ž-/ SDPıĮ0ˍŗL*ı̽ȏ 50 µLL 1.5 mLŎ`}k
|:ĨĎ"(5ɾʙȠŭ OD600ÐLȚŉ"*!F4`}k|: 200 µL5
20 mM p-nitrophenyl phosphateȝȏ̈́0.1 M ̇̉vl{N̈́pH4.2ͅ4ȝˀͅLȓø
"/ʣȒğ!&28°C0 15é̘QXo"*(5ż200 µL5ǻâ"*
10% TCA1 400 µL5 2 M Na2CO3LȓøȒğ$H10čƆLÑǯ!&čƆȏ5
420 nm4HĘÚŭLȚŉ"*ǸȈƉL²5ů4ŵ/6A/˂ɯ"* 
 
OD4201,000 
OD6000.05̈́mLͅ15̈́minͅ 
 
2-13 ı̽×Ȕ5[^dȡŭ5Țŉ 
 ı̽×Ȕ5[^d5ȡŭ6HPLC̈́ high-performance liquid chromatographyͅ
bdm4E-/Țŉ"* 
 2-8̳4Ž-/ǐı̽ȏ5ʧ¿Lǀ" SDıĮH6 SDPıĮ4àƕȠ"/
30°C0ı̽"ʁǈɇ4 1 mL5ı̽ȏL 1.5 mLŎ`}k|4ĨĎ"*(
5ż2,300 × g0 1é̘̀Ƅ"/ʧ¿LǾǵ!&500 µL5×ȔLǀ" 1.5 mLŎ
`}k|4ĨĎ"*ĨĎ"*×ȔL Millex LG 0.2 µm {Pi̈́Merck 
Millipore, Billerica, MA, USAͅ0Ȣ˽$H10iwZˡ325ǲȘL̠Ċ"ˀǖ
4ȹH`}1"*`}6ˀǖ4Âȹ$H>020°C0ÊŅ"*HPLCˀ
ǖ6ę́V1"/ Animex HPX-87Ḧ́Bio-Rad Laboratories, Hercules, CA, USAͅ
L˅̑ʴʏ1"/ C-R8AZowlZ̈́ŞȇʶÁƙͅLʴÔ"* CCP&8020bd
m̈́ ǔhǞů·ɚ Lͅȹ/ʯ-*VU|L 65°C4ˆŉ"0.6 mL/min
5ȉ˷0ȝŃȏ̈́5 mM H2SO4ͅLV4Øķ"*Ü/5`}L AS-2050 Q
mcSoUo`}̈́ǂǐéÚǞů·ɚͅ:ˆʏ"1.5`}F
20 µL%.Ơè!IHE4ˆŉ"/ȚŉLʯ-* 
 
2-14 ı̽×Ȕ5OrRȡŭE9ɾʙÞ5ĒɢOủȡŭ5Țŉ 
 ı̽×Ȕ5OrRȡŭ1ɾʙÞ5ĒɢOủȡŭ5Țŉ6UPLC
̈́ultra-performance liquid chromatographyͅbdmLȹ/ʯ-* 
 ɾʙÞ5OủȡŭȚŉ5*A5`}6 Onodera 1 Ohsumḯ2005ͅ5ǁȂ
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4Ž-*2-8̳4Ž-/ǐı̽ȏ5ʧ¿Lǀ" SDıĮH6 SDPıĮ4à
ƕȠ"/ 30°C0ı̽"*(5żOD600 = 10.0Ɍŵ5ı̽ȏL 15 mLŎ^rVk
|:éȃ"600 × g0 2é̘̀ƄLʯ-/×ȔLďG̠*ż5 mL5Ȟʧ"
* QǺLø/àƕȠ"/ʧ¿5ȆȊLʯ-*5ȆȊL 2Ĩʯ-*ż500 µL
5Ȟʧ"* Q Ǻ4àƕȠ"/ 1.5 mL Ŏ`}k|:ɠ"Ȁ́Ǻ0 15
é̘QXo"*(5ż2,300 × g0 3é̘̀Ƅ"×Ȕ 300 µLLǀ"
1.5 mLŎ`}k|:ɠ"ˀǖ4ȹH>020°C0ÊŅ"* 
 ı̽ȏ5ǲŅOrR5ŉ̍Lʯ*A42-13 1Ĕǧ5ǁȂ0ı̽×Ȕ5
ĨĎLʯ-*`}6ˀǖ4ȹH>020°C0ÊŅ"* 
 OrRȡŭE9ɾʙÞOủȡŭ5Țŉǈ46Amicon Ultra 0.5 mL̀
Ƅ{Pi̈́Merck Millipore, Billerica, MA, USAͅ0{PiȢ˽"*ż4
AccQ-Tag Ultra Derivation kiẗ́Waters corporation, Milford, USAͅ0ˍŗ¿ÿ"*ˍ
ŗ¿ÿ!&*`}6 Empower3h{oRSOLʴÔ"* ACQUITY UPLC H-Class
bdm̈́Waters corporation, Milford, USAͅ4E-/OrRȡŭE9ĒɢO
ủȡŭLȚŉ"* 
 
2-15 ̈Ƕɾʙ5̪ń̹Ƃ̔ʿœ 
 ˀǖ$ḦǶǞL 2-8̳4ŽSDNıĮ0 2ǈ̘H6 SDPıĮ0 6ǈ̘
ı̽"˵˽į̪ń̹Ƃ̔ʿœ4ȹ*ˊƾ6 OkamotoF̈́2009ͅ4Ž-/ƈ˷â
äīŉÿȂ4E-/Áʶ!Iˀǖ6ǔȌ̪ń̹Ƃ̔ʿœǞů·ɚ4E-/ʯKI* 
 Uo{NclZnP5ƿ̮ɣ5Țŉ6ȼÖçȵh{oRSO ImageJ
̈́https://imagej.nih.gov/ij/ Lͅȹʄ˂éǖ{h{o R̈́ http://www.R-project.org/ͅ
4E-/plo}lo[{LÁƖ"*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Table 1. Yeast strains used in this study. 
Strain Genotype Reference 
BY4741 MATa ura3∆0 leu2∆0 his3∆1 met15∆0 Brachmann et al.  
BY4742 MATα ura3∆0 lue2∆0 his3∆1 lys2∆0 Brachmann et al.  
YHY36 MATα ura3∆0 This study 
YHY37 YHY36; atg1∆::kanMX4 This study 
YHY81 YHY36; atg12∆::kanMX4 This study 
YHY83 YHY36; atg14∆::kanMX4 This study 
YHY38 MATα ura3∆0 pho91∆::kanMX4 This study 
YHY39 MATα ura3∆0 vtc1∆::kanMX4 This study 
YHY40 MATα ura3∆0 vtc4∆::kanMX4 This study 
YHY73 YHY36; ppn1∆::kanMX4 This study 
YHY52 YHY38; pho2∆::natNT2 This study 
YHY53 YHY38; pho4∆::natNT2 This study 
YHY64 YHY38; pho81∆::natNT2 This study 
YHY65 YHY38; pho85∆::natNT2 This study 
YHY32 MATα leu2∆0 his3∆1 ura3∆0 pho91∆::kanMX4 
pep4∆::LEU2K.l. prb1∆::his5+S.p. vps4∆::URA3K.l. 
This study 
YHY33 YHY32; atg1∆::natNT2 This study 
 
Table 2. Plasmids used in this study. 
Plasmid Feature Reference 
pRS416 CEN URA3 Sikorski and Hieter 
pRS316-GFP-ATG8 CEN URA3 PATG8-GFP-ATG8 This study 
pCu416-CFP* CEN URA3 PCUP1-CFP* This study 
pHS6 CEN URA3 PPHO84-lacZ Ogawa et al.  
pUG6 kanMX4 loxP-kanMX4-loxP Gueldener et al.  
pUG27 HIS5+S.p. loxP-HIS5+S.p.-loxP Gueldener et al. 
pUG72 URA3K.l. loxP-URA3K.l.-loxP Gueldener et al. 
pUG73 LEU2K.l. loxP-LEU2K.l.-loxP Gueldener et al. 
pFA6a-natNT2 natNT2 Janke et al.  
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Table 3. Primers used in this study. 
Name Sequence Purpose 
oTAKA104 GGATGTATGGGCTAAATG Verification of gene disruption 
with kanMX4, natNT2 and 
HIS5+S.p. 
oTAKA244 GCGTCAAGGGCTGAAAAGAC Intrduction of LYS2 
oTAKA245 TATGTCACCGACGCAAAGAG Intrduction of LYS2 
oTAKA266 CGGTCGAGGAGAACTTCTAG Intrduction of LEU2 
oTAKA267 TAAGGCCGTTTCTGACAGAG Intrduction of LEU2 
oTAKA268 TTTAAGAGCTTGGTGAGCGC Intrduction of HIS3 
oTAKA269 CCTCGTTCAGAATGACACG Intrduction of HIS3 
5'ATG1_loxP ATATTTTCAAATCTCTTTTACAACACCAGACGAG
AAATTAAGAAACAGCTGAAGCTTCGTACGC 
ATG1 gene disruption 
3'ATG1_loxP TAGCAGGTCATTTGTACTTAATAAGAAAACCATA
TTATGCATCACTCATAGGCCACTAGTGGATCTG
A 
ATG1 gene disruption 
HY5 CAATGAGTAAACGAAAAATC Verification of PPN1 disruption 
HY6 AGCATATCATTCGTATTCAA Verification of ATG1 disruption 
HY7 AGTTATCCTTGGATTTGG Verification of gene disruption 
with LEU2K.l. 
HY28 AGGCTCAGTAACAGTGCTGT Verification of PHO2 disruption 
HY29 CCATTCCTTCACACCCATGAG Verification of PHO4 disruption 
HY30 TATATACGTCTTTGGCACGCGA Verification of PHO81 disruption 
HY31 GAAATATGTGCACTACCGTCGC Verification of PHO85 disruption 
HY57 ACAAAAATAAAGCAGCATAGAGTGCCTATAGTA
GATGGGGTACAACAGCTGAAGCTTCGTACGC 
VPS4 gene disruption 
HY58 TTTTCATGTACACAAGAAATCTACATTAGCACGT
TAATCAATTGAGCATAGGCCACTAGTGGATCTG 
VPS4 gene disruption 
HY59 CAGCTGCACTCTACACAAAA Verification of VPS4 disruption 
HY60 TTGGCTAATCATGACCCC Verification of gene disruption 
with URA3K.l. 
HY61 CTAGACAAGTCACGGCTTACTGCTAAATAACGT PHO2 gene disruption 
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ATACAATACGCTCAGCTGAAGCTTCGTACGC 
HY62 AGTTGAAAATGCAATCGCAAAAAAAAAAAAACAG
AATTATTTTCAGCATAGGCCACTAGTGGATCTG 
PHO2 gene disruption 
HY64 GAGAAGAGATGAGCAAAGGAGACAGAACAAGA
GTAGCAGAAAGTCCAGCTGAAGCTTCGTACGC 
PHO4 gene disruption 
HY65 GCCCCAGTCCGATATGCCCGGAACGTGCTTCC
CATTGGTGCACGGGCATAGGCCACTAGTGGATC
TG 
PHO4 gene disruption 
HY82 TGAGAGAATAACCCTTTGGAGGCAACATAGATA
GATAAACGTGCAACAGCTGAAGCTTCGTACGC 
PHO81 gene disruption 
HY83 TTCCTAAATAATGTATAAGATTTCAAAACTACATA
TTACAGAACTGCATAGGCCACTAGTGGATCTG 
PHO81 gene disruption 
HY84 AAGGGATATATAGCGCGGCAAACTGGGCAAACT
TGAGCAATACCAACAGCTGAAGCTTCGTACGC 
PHO85 gene disruption 
HY85 TATCATTATATATACATGGCTACGGTTTTTCGCT
GACGGGCTGCGGCATAGGCCACTAGTGGATCT
G 
PHO85 gene disruption 
HY98 TATTGTTTTCATTGAGTAGGGGTAGAGCTAGTTA
GCTGCTTTTCGCAGCTGAAGCTTCGTACGC 
PPN1 gene disruption 
HY99 AAACTGTAATTGAAGAATGATATGCATTTCTATG
TGTATATTAACGCATAGGCCACTAGTGGATCTG 
PPN1 gene disruption 
NI31 ACATCCCTAACTGTATATTCTACAGTAGAGTGAA
CCAATGACAGTCAGCTGAAGCTTCGTACGC 
ATG12 gene disruption 
NI32 ATCGACTGTAGGTTTTCTTCTTAGACCATTCCAG
CGCCCGGGTATCATAGGCCACTAGTGGATCTGA 
ATG12 gene disruption 
NI33 CCTAGTCTTCCATTTACAT Verification of ATG12 disruption 
NI40 GAGAAAAAGGGAAGTAAAAGTTAAAAACTAGAA
TCCTAGTATGACCAGCTGAAGCTTCGTACGC 
ATG14 gene disruption 
NI41 ACTACATGCAACTTTATACACACGGCAGGAAAA
AAAGTGCGCACTCATAGGCCACTAGTGGATCTG
A 
ATG14 gene disruption 
NI42 TGGAATTGACTAATACTTC Verification of ATG14 disruption 
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H.K-9 ATGTTCAGCTTGAAAGCATTATTGCCATTGGCCT
TGTTGTCAGCTGAAGCTTCGTACGC 
PEP4 gene disruption 
H.K-10 TCAAATTGCTTTGGCCAAACCAACCGCATTGTTG
CCCAAAGCATAGGCCACTAGTGGATCTG 
PEP4 gene disruption 
H.K-11 GCCAGTTAGCGATACAAATA Verification of PEP4 disruption 
H.K-12 ATGAAGTTAGAAAATACTCTATTTACACTCGGTG
CCCTAGCAGCTGAAGCTTCGTACGC 
PRB1 gene disruption 
H.K-13 TTAAATAATATTCAATTTATCAAGAATATCTCTCA
CTTGAGCATAGGCCACTAGTGGATCTG 
PRB1 gene disruption 
H.K-14 TAGGCTGTGCCGACATGCCA Verification of PRB1 disruption 
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3 ʂǗ  
 
3-1 ̻̉̾ˍŗƉUo{Nc5ǣè 
 
 ǐĆĻ˒Ƽɓɥ06èʥ̈Ƕ BY4742Ǟ̈́MATα leu2∆0 his3∆1 lys2∆0 ura3∆0ͅ5
ǝ̽ʹǼƉV̃¸ńLƀŦ!&*Ĉǝ̽ǞĽȷǞ1"/ˀǖ4îȹ"*
BY47426QbxdkcbE9RbLēƖ0%IF5ǝ̽
ɼLȷʗıĮ4ȓø"3I7ȷʗ03""ɾʙȷʗ5*A4ȓø$Hǝ
̽ɼUo{Ncˍŗ4¤Ǎ"3Ÿ̰LHđʚƉʔFI*Ȯ4O
ủ5ǝ̽ʹǼƉǞ06ȷʗ4ƅʹ1$HOủ5Ǚȕǒµ4E-/Uo{Nc
ˍŗ!IHB55(5ǝ̽ʹǼƉLƀŦ!&H1Uo{NcˍŗʻFI3
3H1Ùʯ˒Ƽ0ĳĚ!I/Ḧ́Ecker et al., 2010 ͅ(0LEU2HIS3
E9 LYS2 Lė@ DNA {[oL BY4742 Ǟ4ŗÛ"*ǞLÁʶ"ǲH
ura3∆0 OLĒˀǖ4́"*iiwZˡ5ŗÛǞ5̂í4îȹ$H1
0ǋŘıĮ̈́SDıĮͅ4Àé3ǝ̽ɼLȓø$Hƅʹ33GɦɼCȣɼ
̉5Ǚȕ5Ÿ̰Lɺɴ4ˉÆ$H10H1ʔFI* 
 Uo{NcȈƉ6 2ɢ̺5ɀ3HiiwZˡLɆȴ!&RSdi
|loȂ0ǣè$HǁȂ0Țŉ"*̈́ Fig. 4 ͅ.Uo{Ncɓɥ0ɗɧ!I
/H GFP-Atg8}fb[OlfQ0Ḧ́Cheong and Klionsky, 2008 ͅAtg86
Uo{N_h5ʞƖé0Hd{NkcTiuO̈́ PE 1ͅʂē"
PAS :Zo!IH10̨̤ʞ5ʞº̕4̙$H Atg iwZˡ0GU
o{N_h5Þʞ4ʂē"*ȯƓ0ȏʙ:˫˳!IḦ́Nakatogawa et al., 
2007 ͅ5 Atg85 NǏɩ4ʈʤʭÚiwZˡ GFPLʮē!&* GFP-Atg8BĔǧ
4Uo{N_hŶƖÅŅɇ4ȏʙ:˫˳!IHAtg8 ̄ééˀ!IH54
ŕ"/ȏʙÞ}mOg4ʖƉLƤ. GFP ̄é6éˀ!I%4ȏʙÞ̄4ʩɣ"/
(5*AɾʙÞ0Ɇȴ!I* GFP-Atg85éˀȳFUo{NcˍŗL
ˉÆ$H10H>%5 GFP-Atg8}fb[OlfQ4E-/ɦɼ̻̾
ȣɼ̻̾̻̉̾4HUo{NcȈƉLȚŉ"*(5ʂǗ3ɢ̺5̻
̾ǒµ4/ GFP-Atg8}fb[!Iʁǈɇ3˼̨ GFP5ʩɣʿœ0
*̈́Fig. 5A ͅ5}fb[6ǐı̽ȏ5ʧ¿Lǀ" SD ıĮ4ɠ"/ 10 ǈ̘
ı̽"/B<1M2ʻFI%!F4Uo{NcǬʚňÜ4ǭư$H1ɑF
I/H atg1∆Ǟ06$;/5ˍŗǒµ0GFP-Atg85}fb[ʿœ03-
*̈́Fig. 5A ͅ5ʂǗFGFP-Atg8 5}fb[̻̾ÅŅɇ3Uo{Nc
 26 
4E-/Űˢ!IH1àɗˌ0*ǣè!I*b[q5ŴŭLŉ̍"
Ɇȴ!I*Ü GFP-Atg8 ̍̈́GFP-Atg8 1˼̨ GFP 5b[qŴŭ5ğͅ4ŕ$H˼
̨ GFP5̍Lɯè"/Uo{NcȈƉ1"*1Jɦɼ̻̾06ˍŗ 3ǈ̘
0 80%ɡ5}fb[ȳLə"*̈́Fig. 5C ͅ(I4ŕ"/ȣɼ̻̾06(5}f
b[˺ʯ˻ˍŗ 6 ǈ̘0}fb[ȳ 80%ɡLə"*("/̉
̻̾06!F4˻ˍŗ 4ǈ̘ɊF GFP-Atg85}fb[ʻFI6ǈ̘ż
̈́ˍŗ 10ǈ̘Ɋͅ46 75%ɡŭ5}fb[ʿœ!I*̈́Fig. 5C ͅ 
 ǐɓɥ0Âȹ"* GFP-Atg86 ATG8}i5ïſ0Ɇȴ!&/Gı̽
ǒµC̃¸ńɕĺ4E-/(5Ɇȴ̍ļÿ$HȮ4Atg8 5Ɇȴ6ɦɼț
5Ǚȕ4E-/×Ǆ"(5Ɇȴ̍Uo{N_h5Ŀ!Lǽŉ$Hĩń1"
/ʔFI/Ḧ́Kirisako et al., 1999; Xie et al., 2008 ͅ(0ˍŗǒµ4EH
GFP-Atg8 ̍5Ǹ˩Lʯ-*1Jʁǈɇ4(5Ɇȴ×Ǆ$Hɦɼ̻̾4ŕ"/
ȣɼ̻̾C̻̉̾06Ŀ3×ǄʻFI3-*̈́Fig. 5B ͅ(5*AAtg85
Ɇȴɀ3Hǝ̻̽̾ǈ5Uo{NcȈƉL GFP-Atg8 5}fb[ȳ
4E-/Ǹ˩$H56́ê+1ʔFI* 
 (0GFP-Atg84±KHǀ"iiwZˡ1"/bOʤʭÚi
wZˡ CFP4}dp̈́pRS416ͅ5kZr[`QoȻǓ5 22Oủ
F3H}kpLʮē!&*iwZˡ̈́ ²̝CFP*1ĝɟ Lͅîȹ"*̈́ Fig. 4 ͅ
CFP*6̏ˍŗƉ5 CUP1 }iïſ0Ɇȴ!&/GSD ıĮCĒɢǝ̽
̻̾ıĮ0Ĕɡŭ4Ɇȴ!I*1FGFP-Atg85E3Ɇȴ̍5Ĥ̸L̠Ľ$
H10Ḧ́Fig. 6A ͅ!F4ʭÚ̹Ƃ̔ʿœ4EG5 CFP*6őǝ̽ǒµ
06ɾʙˡ0ǧ4ƣƸ"/H1ɗˌ!I*̈́Fig. 6B ͅ(5*AUo{
Ncˍŗ!IH1 CFP*6̭̂Ɵɇ3éˀĲˡ1"/ȏʙ:˫˳!IGFP Ĕǧ
ȏʙÞ}mOg4ʖƉLƤ. CFP +éˀ!I%4ȏʙÞ4ʩɣ$H1Ǎ
Ż!I*ŋ̥4 CFP*Li1"/}fb[OlfQLʯ-*1Jő
ǝ̽ǒµ̈́0 hͅ06 CFP*5Ü̕5b[q+ʻFIɦɼȣɼE9̉
5̻̾ˍŗ4E-/˼̨ CFP5b[qèȴ"*̈́Fig. 6A ͅatg1∆Ǟ06˼̨ CFP
5b[qèȴ"31FCFP*5}fb[Uo{NcÅŅɇ0
H1ə!I*5˼̨ CFP 5b[qŴŭLŉ̍$H10Uo{NcȈ
Ɖ5ƥǨ1"*˼̨ CFP 5ƺÐ6nP[^o1"* Pgk1 5b[q
Ŵŭ0ǨȜÿ"ɦɼ̻̾0 4ǈ̘ˍŗL*`}5ƺÐL 100%1"/ɯè
"*(5ʂǗɦɼ̻̾06ʨ"Uo{NcȈƉÿ!Iȣɼ̻̾0Bɦɼ
̻̾ǈEG˻Ů6$HB55͂Uo{NcȈƉLə"*̈́Fig. 6C ͅ""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̻̉̾06˼̨ CFP5b[q6ǣè0HB55(5Ŵŭ6¯5 2.5ˍŗ
ǒµEGBʨ"ų-*̈́Fig. 6C ͅ 
 
3-2 ̻̉̾ǒµ4HȷŅȳ1Uo{Nc5̙Ç 
 
 Uo{Ncˍŗ5ȷȵɇŹõ5.4ǝ̻̽̾4ŕ$HȷŅƗȿHȮ4
ɦɼ̻̾06Uo{Nc4EHɾʙˡƖé5éˀ0ȷ#*Oủàîȹ!I
H10iwZˡēƖLʵɾʙǱLƜï$H1ĳĚ!I/Ḧ́Onodera 
and Ohsumi, 2005 ͅ(0Uo{Nc̻̉̾4HȷŅ4̙$H
ˑ;H*A4ɦɼ̻̾1̻̉̾4Hɾʙ5ȷŅȳLȚŉ"*Țŉ46
phloxine BLȹ*ʭÚ̹Ƃ̔ʿœLʯ-*ı̽ȏ4 phloxine BȝȏLȓø$H1
ǱɾʙȮɀɇ4 phloxine BďG˯>Iʩɣ"* phloxine BLʭÚ̹Ƃ̔0ǣè0
Ḧ́Fig. 7A ͅ5Ǜʤò0ɾʙLçȵ"300~400Ì5ɾʙ4ŕ$Hȷɾʙ5õē
Lɯè"*(5ʂǗőǝ̽ǒµ06̌ȷǞ1 3 ɢ̺5Uo{NcǭưǞ
̈́atg1∆atg12∆atg14∆ͅ5̘0˿6ʻFI%%IB 90%²×5ȷŅȳLə"
*̈́Fig. 7B ͅ""ɦɼ̻̾ıĮ0 7ǂ̘ı̽$H1̌ȷǞ06Ŀ3ļÿʻ
FI354ŕ"/3ɢ̺5Uo{NcǭưǞ06ȷŅȳ5ʨ"¾ʻFI
*̈́Fig. 7B ͅ5ʂǗFĳĚ!I/*˶GUo{Ncɦɼ̻̾ǈ5ȷ
ŅƗȿ4̋ʹ3ŹõLơ1éH(I4ŕ"/̻̉̾ıĮ0 7ǂ̘ˍŗ
L/B̌ȷǞLėA* 4ɢ̺5Ǟ0ȷŅȳ5Ŀ3˿6ʻFI3-*̈́Fig. 
7B ͅ²×5ʂǗFUo{Nc6̻̉̾4Ɔɮ"/ˍŗ!IHB55(5
ˍŗ6ʨ"¾ɦɼ̻̾ǈ5E3ȷŅƗȿ46̙"/31ǅF
13-* 
 
3-3 ȏʙ˞ʪ̙̉˹̃¸ń1 PSiA5̙Ç 
 
 èʥ̈Ƕ6͂̉ǒµǈ4ľ̍5ȥǬ̉LȏʙÞ:˫˳"̉1"/
˞ʪ$H10ȶĸ̉ȡŭ5ļü4Ô/Ḧ́ Fig. 3̈́ͅShirahama et al., 1996 ͅ
̌ȷǞ4/̻̉̾4Ɔɮ"*Uo{Nc̈́ PSiA; phosphate 
starvation-induced autophagyͅ5ˍŗ6ɦɼ̻̾ǈ 5(ḮNSiA; nitrogen 
starvation-induced autophagy 1ͅǸ˩"/ʨ"¾1F5ȏʙÞ̉
5±˓ǬǦ PSiA5ˍŗLƜï$HđʚƉʔFI*ÙʯɓɥEGȏʙʞ×5
¾ʾğƉ̉odiPho91 ȏʙÞFɾʙˡ:5ȥǬ̉5ƫè4
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̙KG(5̃¸ńɕĺ4E-/ȏʙÞ5˞ʪ̉Lîȹ033H1əģ!
I*̈́Hürlimann et al., 2007 ͅ(0pho91∆Ǟ4ŕ"/ GFP-Atg8E9 CFP*5
}fb[OlfQLʯPHO91 5̃¸ńɕĺ4EHUo{Ncˍŗ:5Ÿ
̰Lˑ;*(5ʂǗɦɼ̻̾1ȣɼ̻̾4H 2ɢ̺5i5}fb
[6̌ȷǞ1 pho91∆Ǟ5̘0Ŀ3˿6ʻFI3-*B55̻̉̾4
/62,F5iB pho91∆Ǟ5ǁ̌ȷǞEGɒˍŗǈ̘0}fb[!
I*̈́Fig. 8 and 9 ͅ5ʂǗFPHO915̃¸ńɕĺ4E-/ PSiAȮɀɇ4Ȉ
Ɖÿ!IH1ǅF13-*>*SDPıĮ4 0.001 g/L̈́ 1/1000̍ ͅ0.01 g/L
̈́1/100̍ ͅ0.1 g/L̈́1/10̍ ͅ0.5 g/L̈́1/2̍ ͅ1.0 g/L̈́SDıĮ1ɬ̍ͅ13HE
4̉VRLȓø"pho91∆Ǟ4H GFP-Atg81 CFP*5}fb[O
lfQLʯ-*1J%I5iBıĮ5̉ȡŭ×Ǆ$H4˹I/
Uo{Nc̛ō!I*̈́Fig. 10 ͅ(5*ASDPıĮ0ʿœ!Ipho91∆Ǟ
0È˺!I*i5}fb[6ȶĸ5̉ț5Ǚȕ4Ɔɮ"*Uo
{Nc4EHB50H1əģ!I* 
 ȏʙFɾʙˡ:5ȥǬ̉5˫˳4̙KH Pho91 ²Ľ4BȏʙÞ̉
5±˓ɸ̙˹ĩń6ĳĚ!I/HVtc1Vtc2Vtc3Vtc4 5 4 .5iwZˡ
ȏʙʞ×0ʷē¿LŶƖ$H10ȏʙÞ4H̉5ʩɣ6˺ʯ"VTC1
H6 VTC4 5ąȰ̃¸ńɕĺ4E-/ȏʙÞ̉5ʩɣǭư$H1
ɑFI/Ḧ́Ogawa et al., 2000 ͅ!F4ȏʙÞ4śĭ$H̉éˀ̈ɼ1"
/ Ppn1Ĕŉ!I/G(5̃¸ńɕĺ4E-/ȏʙÞ4̓̕̉ʩɣ!
IH1FPpn1 6̓̕̉Fɒą½5̉ȷ#H̥4Ǭʚ$
H1ʔFI/Ḧ́Ogawa et al., 2000; Sethuraman et al., 2001 ͅ(0VTC1
VTC4PPN15ąȰ̃¸ńɕĺLʯpho91∆Ǟ1Ĕǧ5ˀǖLʯ-*1Jppn1∆
Ǟ06 2 ɢ̺5i5}fb[4̌ȷǞ15Ŀ3˿6ʻFI3-*
̈́Fig. 11 ͅ(I4ŕ"/vtc1∆Ǟ06 pho91∆1Ĕǧ4 2ɢ̺5i5}f
b[̻̉̾Ȯɀɇ4È˺!Ivtc4∆Ǟ0B̭ŧ4K%06H̻̉
̾ǈ5 CFP*5}fb[̌ȷǞEGBǃˍŗǈ̘Fʿœ0*̈́Fig. 11 ͅ
""vtc1∆Ǟ1 vtc4∆Ǟ06 GFP-Atg85Ɇȴ̍¾"/*Ȯ4̻̉̾ˍ
ŗ4̌ȷǞ1 pho91∆Ǟ06 GFP-Atg8 1˼̨ GFP 5b[qǅɗ4ʿœ0H
54ŕ"vtc1∆Ǟ06 GFP-Atg8 5b[qˍŗ 6 ǈ̘ɊF<1M2ʻFI3
3-*̈́Fig. 8A and 11A ͅvtc4∆Ǟ06!F4 GFP-Atg8̍¾"25ˍŗǒµ0
B GFP-Atg8 Ü̕5b[q<1M2ʿœèǓ3-*̈́Fig. 11A ͅ²×5ʂǗ
Fɾʙˡ:5ȥǬ̉5ƫè+03ȏʙÞ̉5ʩɣ(5B5L̛ō
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!&H1PSiA ȈƉÿ!IH1əģ!I*²ż5ˀǖ6 GFP-Atg8 5Ɇȴ̍
5Ĥ̸5*Apho91∆Ǟ4ɏɊ"/ˀǖ4ďGʀM+ 
 
3-4 ɾʙˡ4H̉ǭ ȯƓ5ˀǖ 
 
 Ǯ4 PHO915̃¸ńɕĺ4EH PSiAȮɀɇ3ȈƉÿ5ĈĩLˑ;*èʥ̈Ƕ6
ȏʙÞ˞ʪ̉5îȹ4ø͂ʾğƉ̉odiPho84 CƜïƉ̉
Ɖd{Nig Pho55ɆȴLȈƉÿ!&H10¾̉ǒµ4́Ɔ$H1
ɑFI/Ḧ́Fig. 3̈́ͅ Oshima, 1997 ͅ5 2.5iwZˡ5ɆȴȈƉÿ46iQ
[G̻̉̾4EHˍŗìǍ46>% Pho84 ͂Ɇȴ!I/ȶĸ5ȥ
Ǭ̉5ďG˯?È˺!IȏʙÞ̉5Ȏ˟11B4ɾʙˡÞ5̉ȡ
ŭLŉ4Ê.("/̻̉̾ˍŗ̕Ǎÿ"ȏʙÞ̉Cɾʙ
ˡÞ5̉ȡŭ¾$H1 PHO5 ̃¸ń5ɆȴȈƉÿ!Iȶĸ5̉ė
ǌÿēȭFȥǬ̉5ɗÊʯKIḦ́Auesukaree et al., 2004; Thomas and 
O'Shea, 2005 ͅ(5*APho841 Pho55Ɇȴ6(I)Iȶĸ̉ȡŭ1ɾʙ
Þ̉ȡŭ5¾:5ƆɮLə$ƥǨ43H1ʔ*(0PHO91 5̃¸ńɕ
ĺ4EH̻̉̾Ɔɮ:5Ÿ̰Lˑ;H*A4̈Ƕɾʙ5Ĺǳ1 PHOʁ˥5ȈƉ
ÿ5ˀǖLʯ-*PHOʁ˥ȈƉÿ5ˀǖ6PHO84}i5ȉ4β-WZ
objg lacZ ̃¸ńLʮē!&*^doZö́PPHO84-lacZͅLȹ* PHO84
̃¸ń5ɆȴE9 rAPase5̈ɼȈƉLƥǨ1"*PHO5̃¸ń5ɆȴLǣè$H
14EGʯ-*>%SDıĮ1 SDPıĮ4ḦǶɾʙ5ȷʗLˑ;*(5
ʂǗSDıĮ06̌ȷǞ1 pho91∆Ǟ5ȷʗ4˿6ʻFI3-*SDPıĮ0
6 pho91∆Ǟ5ȷʗ6̌ȷǞEG˻Ů"*̈́Fig. 12A ͅ(5*AȏʙÞ5˞ʪ̉
̻̉̾ǈ5ȷʗʇƤ4îȹ!IH1ʔFI*>*β-WZobjg
1 rAPase5ȈƉȚŉLʯ-*1J2,F5̈ɼȈƉB̻̉̾ˍŗÅŅɇ4×
Ǆ"(5×Ǆ6 pho91∆Ǟ0EG̹ʨ4ʿœ!I*̈́Fig. 12B and 12C ͅ²×5ʂǗ
F PHO915̃¸ńLɕĺ$H10ȏʙÞ˞ʪ̉Lîȹ033Gɾʙˡ
Þ5̉ȡŭ5¾È˺$HđʚƉʔFI* 
 ̻̉̾0Uo{Ncˍŗ!I*Ĉĩ1"/SDPıĮ0ı̽4¯5ǝ
̽țǙȕ"¥Ǯɇ4Uo{Ncˍŗ!I*đʚƉBʔFI*(0
pho91∆ǞL SDıĮH6 SDPıĮ0 10ǈ̘ı̽"*ż5ı̽×Ȕ5[^
d1OrR5ȡŭLȚŉ"*(5ʂǗSDPıĮ0ˍŗL*ı̽×Ȕ
46 SDıĮ5(IEG͂ȡŭ0[^dǲŅ"/GOrR4̙"/
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B SDıĮ1 SDPıĮ5̘0˿6ʻFI%2,FBāé4͂ȡŭ0ǲŅ"/
*̈́Fig. 13A and 13B ͅ(5*Apho91∆Ǟ4H PSiA5ˍŗÈ˺6ˍŗıĮ
5[^dCOrR5ǙȕĈĩ0631ǅF13-*!F4 SD
ıĮH6 SDPıĮ0ı̽5 pho91∆Ǟ5ɾʙÞOủȡŭLȚŉ"*(5
ʂǗValTrpLys L̠ 17 ɢ̺5OủȡŭȚŉ0̻̉̾0ȡŭ
¾"*B5̈́GlyAlaIleMetProPheSerThrAsnTyrHis ͅļÿ
ʻFI3B5̈́LeuGlnGluArg ͅĹø"*B5̈́AspCysͅ4é̺!I*
ľ5Oủ̻̉̾4E-/ȡŭ5¾Lə"*(5ǭ 4E-/
TORC1ȈƉÿ!IH Leu1Gln5ȡŭ6 2.5ǒµ0Ŀ3ļÿLə!3-*
̈́Fig. 14 and 15̈́ͅ Crespo et al., 2002; Bonfils et al., 2012 ͅTORC16ɦɼț5f
`1"/Ǭʚ$HXqgiwZˡ0Gɦɼț5Ǚȕ4Ɔɮ"/(5ȈƉ
ȈƉÿ!IH10 NSiAˍŗȈƉÿ!IH1ɑFI/Ḧ́ ɪ¥ɨċȦ̈́ͅNoda 
and Ohsumi, 1998 ͅ(5*ALeuC Gln5ǭ  PSiAȈƉÿ5Ĉĩ0631ʔ
FI*>*Țŉ0*Oủ5ē˂Lɯè$H1̻̉̾ˍŗǈ5ɾʙÞ
Oủȡŭ6őǝ̽ǒµǈ5(I1Ǹ;/ˍŗ 4ǈ̘Ɋ06K%4¾"*ˍ
ŗ 8ǈ̘Ɋ46 2.5ǒµ0š<1M2ʻFI33-*̈́Fig. 13C ͅIF5ʂ
ǗFɾʙÞOủȡŭB PSiA5ˍŗÈ˺4̙"31əģ!I* 
 
3-5 ̪ń̹Ƃ̔4EHUo{NclZnP5ʿœ 
 
 ̻̉̾4HUo{N_h5ŶƖLŶƓņɇ4ʿœ$H*A4̪ń̹
Ƃ̔ʿœLʯ-*Uo{N_hŶƖFȏʙÞ:5˫˳éˀ6˽ɇ4˺ʯ
$H*A˶ŧ5̈ǶǞ06ʿœ$H1Ī̩0H""ȏʙÞ}mOg
Pep4 C Prb1 5̃¸ńLɕĺ$H1Uo{NclZnP6éˀ!IH13
ȏʙÞ4ʩɣ$H1ĳĚ!I/Ḧ́Takeshige et al., 1992 ͅ(0pho91∆L
ʾǞ1"/PEP41 PRB1!F4ľʙ¿ʁ˥ȻǓ5ŘʙʩɣL̚*A4 VPS45
̃¸ńLɕĺ"*ħ̋ɕĺǞLŕ˙4̪ń̹Ƃ̔ʿœLʯ-*̈́Yen et al., 2007 ͅ(
5ʂǗɦɼ̻̾1Ĕǧ4̻̉̾ˍŗ4E-/ȏʙÞ4ßŶ5Ǧ˸¿ľƺʩɣ"
/HǧńʻFI*̈́Fig. 16A ͅatg1∆Ǟ06ȏʙÞ4(5E3Ǧ˸¿ʻFI3
1FßŶ5Ǧ˸¿Uo{NclZnP0H1é-*̈́ Fig. 16A ͅ
ʿœ!I*Uo{NclZnP5ƿ̮ɣLȚŉ"(5Ŀ!Lplo}lo5
[{0ʲ$1ɦɼ̻̾ 2 ǈ̘4ŕ"/ 3 Í5 6 ǈ̘ˍŗL/B̻̉̾
ǈ4ʿœ0HUo{NclZnP6ɦɼ̻̾ǈEGŘ!1ǅF13-
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*̈́Fig. 16B ͅ5ʂǗF̻̉̾4Ɔɮ"/ŶƖ!IHUo{N_h
6ɦɼ̻̾ǈEGŘ!(I4E-/̭̂Ɵɇ3ɣʦ0H CFP*5}fb[û
ȳ¾ƜFIH1ʔFI* 
 
3-6 PSiA4H PHOʁ˥5̙ 
 
 èʥ̈Ƕ46ȶĸ̉ȡŭ4Ɔɮ"/̉±˓̙˹ĩń5˧áLïſ$H
PHOʁ˥ÔK-/Ḧ́Oshima, 1997̈́ͅ Fig. 2 and Fig. 3 ͅñ˲5 Pho841 Pho5
5˧á6 PHOʁ˥4E-/ïſ!I͂̉ǒµǈ46˧á5ƜïL¾̉ǒ
µǈ46˧á5ȈƉÿLơ5E3ʘǊF̻̉̾ǒµ4Ɔɮ$HUo
{Nc PHOʁ˥4E-/ˍŗïſ!IHđʚƉʔFI*(5*APHOʁ
˥4Hïſĩń5̃¸ńɕĺLʯ(5Ÿ̰Lˑ;* 
 >%PHO ʁ˥5̒˧áȈƉÿĩń PHO2 E9 PHO4 5̃¸ńɕĺ4EH PHO
ʁ˥ȈƉÿ:5Ÿ̰Lˑ;H*A4PPHO84-lacZ5^doZoLȹ*β-WZo
bjg5ȈƉȚŉLʯ-*̃¸ńɕĺ5ʾǞ1"* pho91∆Ǟ06̻̉̾ÅŅ
ɇ3̈ɼȈƉ5×ǄLə"*pho2∆ǞE9 pho4∆Ǟ06 PPHO84-lacZ 5ȈƉÿ
ÜʻFI33-*̈́Fig. 17 ͅ5ʂǗFpho2∆Ǟpho4∆Ǟ06Ǩɇ̃¸ń
5˧áȈƉÿˢF31ɗˌ!I*IF̃¸ńɕĺǞ4ŕ"/ GFP-Atg8
5}fb[OlfQLʯ-*1Jɦɼ̻̾06 pho2∆ǞE9 pho4∆Ǟ4
/̌ȷǞ1Ĕɡŭ5}fb[ʻFI*̈́Fig. 18 ͅ(I4ŕ"/̻̉̾
06 pho2∆Ǟ1 pho4∆Ǟ4H˼̨ GFP5b[qèȴ4ʾǞ15˿6ʻFI3
-*B55ˍŗ 6 ǈ̘Ɋ46 pho2∆Ǟ1 pho4∆Ǟ4H GFP-Atg8 Ü̕5b[
q<1M2ʿœ033Gʾ ǞEGB͂}fb[ȳLə"*̈́ Fig. 18 ͅ
Ĕǧ4 pho81∆Ǟ1 pho85∆Ǟ4/B GFP-Atg8 5}fb[OlfQLʯ-*
1Jpho81∆Ǟ06 pho2∆ǞC pho4∆Ǟ1Ĕǧ5ʂǗLə"*̈́Fig. 18 ͅ""
pho85∆Ǟ06˼̨ GFP5b[q5èȴ6ʾǞ1ļKF3B55GFP-Atg8Ü̕
5b[q6%I5ˍŗǒµ0BŴ3-**A}fb[ȳ6ʾǞEG¾3
-*̈́ Fig. 18 ͅ²×5E4 4ɢ̺5 PHOʁ˥ïſĩń5̃¸ńɕĺǞ06GFP-Atg8
5Ɇȴ̍4˿ʻFI**AˍŗǒµC̃¸ńɕĺ4E-/Ɇȴ̍ļÿ"3
CFP*Li1"/Uo{Nc4EĤ̭Ɵɇ3éˀȈƉLǸ˩"*(
5ʂǗ4ɢ̺$;/5̃¸ńɕĺǞ4/ NSiAPSiAÝ4ʾǞ15˿6ʿœ0
3-*̈́Fig. 19 ͅ²×5ʂǗFPHOʁ˥6ř31B PSiA5̭̂Ɵɇ3é
ˀȈƉ46Ÿ̰LČ=!31ǅF13-*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4 ʔœ  
 
4-1 Uo{NcȈƉ5ˉÆȂ 
 
 ɪɨ06>%ɦɼ̻̾ȣɼ̻̾̻̉̾5 3.5ˍŗǒµ4HUo
{NcȈƉL 2 ɢ̺5iiwZˡLȹ*}fb[OlfQ4E-
/ˉÆ"*(5.0H GFP-Atg86Uo{N_h5Þʞ4ʂē"*ȯƓ0
ȏʙ:˫˳!IHiwZˡ0GRSdi|loˀǖCʭÚ̹Ƃ̔ʿœ32U
o{Ncɓɥ̶İ0ūîȹ!I/Ḧ́Cheong and Klionsky, 2008; Shintani 
and Reggiori, 2008 ͅGFP-Atg85éˀȳ̈́.>GGFP-Atg85˫˳ȳͅFUo
{NcȈƉLǸ˩$H1ɦɼ̻̾ȣɼ̻̾̻̉̾5̴4Uo{Nc
ȈƉÿ!IǋBȈƉÿ˻̻̉̾0B 10ǈ̘5ˍŗ0ɹ 75%5éˀȳLə"
*̈́Fig. 5C ͅGFP-Atg85Ɇȴ46 ATG8}iLÂȹ"/GUo{N
cˍŗ4/EGȷȵɇ3ǒµÊƤ!IHE4̆Ɣ!I/HATG8̃¸
ń5˧á6ɦɼ̻̾ǒµ0ʨ"ȈƉÿ!IH1ɑFI/G̈́Kirisako et al., 
1999 ͅĳĚ5˶G GFP-Atg85iwZˡ̍6ɦɼ̻̾ǒµ0Ĺø"*ȣɼ̻̾
E9̻̉̾06ļü"3-*̈́Fig. 5B ͅAtg85Ɇȴ̍Uo{NcȈƉ
Lïſ"/HÒ̮6HB55̈́Xie et al., 2008 ͅ×˅5ȵȻF GFP-Atg85é
ˀȳ4E-/ɀ3Hǒµ̘0Uo{NcȈƉLˉÆ$H16́ê031ʔ
FI*GFP-Atg8 5Ɍŕ˫˳̍̈́.>G˼̨ GFP 5Ɍŕ̍ͅ0ˉÆ$H1Bʔ
FIHUo{N_hʞ:5 Atg8 5ďG˯?ûȳŉ0H1ñƮ
13H""ȴĭ>05ďG˯?ûȳˍŗǒµ4EF%ŉ0H16ˈ
ǅ!I/F%Atg8 5Ɇȴ̍4E-/(5ďG˯?ûȳļü$H1LĖŉ0
3IF51FUo{Ncˍŗǒµ4E-/Ɇȴ̍ļÿ"3̭̂Ɵ
ɇ3Uo{Nci5̗ɆǼAFI* 
 (0ǐɓɥ0̗Ɇ"*iiwZˡ CFP*0H5iwZˡ6
CUP1}i5ïſ0Ɇȴ!&/G$;/5ˍŗǒµ0(5Ɇȴ̍4˿
6ʻFI%.őǝ̽ǒµ0ǧ4ɾʙˡ4ƣƸ$Hǧńɗˌ0*̈́ Fig. 6A 
and 6B ͅ51FUo{Nc5̭̂Ɵɇ3ɣʦ1"/îȹ0}fb
[0ȷ#H˼̨ CFP 5b[qŴŭLƥǨ1$H10ɀ3Hˍŗǒµ4EHU
o{NcȈƉÿLǸ˩0H1ʔFI*5ǁȂ0 3ɢ̺5Uo{NcȈƉ
LȚŉ$H1ɦɼ̻̾Cȣɼ̻̾1Ǹ;/̻̉̾06(5ȈƉ6ʨ"¾1
ǅF13-*̈́Fig. 6A and 6C ͅÙ4B˲;*˶GGFP-Atg85Ɇȴ×
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Ǆ$Hɦɼ̻̾1ɀ3Gȣɼ̻̾1̻̉̾06Ŀ3×Ǆ6ʻFI3̈́Fig. 
5B ͅ5Ý˶ȤHB55ȣɼ̻̾1̻̉̾4H CFP*5}fb[
ȳ4Ŀ3šȷ#*1FAtg8 5Ɇȴ̍̻̉̾ˍŗƉUo{Nc
̈́PSiAͅ5¾ˍŗ5ɋƭɇ3Ĉĩ0631ʔFI*5Ȥ4̙"
/6 4-2̳E9ɪ¥ɨ0˲;H 
 
4-2 ȏʙ˞ʪ̉1 PSiA 
 
 ǐɓɥ06ȏʙÞ̉5±˓ɸĩń5̃¸ńLɕĺ"/Uo{Ncˍŗ
:5Ÿ̰Lˑ;*(5ʂǗȏʙʞ×5̉odi0G̉
5ʩɣ4ƅʹ3 Vtc11ȏʙFɾʙˡ:5̉5˫˳4ƅʹ3 Pho915ąȰ̃¸
ńɕĺ4E-/ PSiA5ˍŗȮɀɇ4È˺!I*̈́ Fig. 8, 9 and 11 ͅ5ʂǗF
ȏʙÞ5˞ʪ̉Fȷ#HȥǬ̉̻̉̾ǈ4ɾʙˡ:ƫè!IH
10 PSiAˍŗLʋʱ$H1əģ!I*""vtc1∆Ǟ06̻̉̾ǈ5
GFP-Atg85Ɇȴ̍¾"!F4 vtc1∆Ǟ1Ĕǧ4ȏʙÞ̉ʩɣ!I3
1ĳĚ!I/H vtc4∆Ǟ06%I5ˍŗǒµ0B GFP-Atg85iwZ
ˡ̍6ʨ"¾̈́Fig. 11A ͅ˰ũ5ɓɥ4EG̉5ēƖE9éˀ4̙
$Hĩń5̃¸ńɕĺǞ06sZUkp5ēƖ˻Ů"̉5Ņĭǰɗ
3 DNAʷʶ4̙$H1ĳĚ!I*̈́Bru et al., 2016 ͅ>*èʥ̈Ƕ5ȏʙ
Þ46̉+03VkUOrUCOủB˞ʪ!I/G!F
4ȏʙ6ǷƉLƤ.̎ŜQUC±˓óȸȭL̨̤$HĴ1"/BǬʚ$Ḧ́Li and 
Kane, 2009 ͅ(50ȏʙÞ4˞ʪ!I*̉͂éńOrU1"/ǰ̪
ʦLť9*QUCOủ5ȏʙÞ:5ďG˯?CÊƤLÈ˺$H1!I/Ḧ́Li 
and Kane, 2009 ͅŋ̥4ɾʙÞ5̉ȡŭ×Ǆ$H̃¸ńɕĺǞ06ɾʙÞ5
NaCaC Mn5̍Ĺø$H+03MnCoZnCu325̋̎Ŝ5ǷƉ:5
ʖƉų3G!F4 Fe5odi5˧áȈƉÿ!IH32̎ŜQU
5ƊŧƉ4Ÿ̰LČ=$1ĳĚ!I/Ḧ́Rosenfeld et al., 2010ͅ(5*Aȏʙ
Þ4̉˞ʪ!I3 vtc1∆ǞC vtc4∆Ǟ06DNA5ŇŉƉFɾʙÞ5 pH
ɢ5̎ŜQUȡŭ(I4EHiwZˡ5ɆȴC̈ɼiwZˡ5ȈƉÿ:5Ÿ
̰32̉±˓²Ľ5±˓ǬǦ4BɀŧLə$1əģ!I*pho91∆Ǟ06
̌ȷǞEGɾʙÞ5̉̍Ĺø$H1ɑFI/G̈́Hürlimann et al., 
2007 ͅGFP-Atg85ɆȴB̌ȷǞ1Ŀ3˿ʻFI31F²ż5
ˀǖCɪ¥ɨ4H PSiA5ˍŗVre5ˀǖ06 pho91∆Ǟ4ɏɊ"* 
 34 
 pho91∆Ǟ4H̻̉̾:5ƆɮLˑ;*1J̌ȷǞEGȷʗ˻Ů"
̻̉̾4Ɔɮ"* Pho84C Pho55ɆȴB̌ȷǞ²×5ȈƉÿLə"*̈́ Fig. 12 ͅ
>*PSiA6ıĮ̉ȡŭ5¾4ÅŅ"/ȈƉÿ!IH1ǅF13-*
̈́Fig. 10 ͅIF5ʂǗFpho91∆Ǟ06ȏʙ˞ʪ̉6ɾʙˡ:˫˳!I%4
ȏʙÞ4̖#˯AFI̻̉̾4/ɾʙˡÞ5̉ȡŭ5¾È!IH
10 PSiA5ˍŗȮɀɇ4È˺!IH1ʔFI* 
 pho91∆Ǟ0Bɦɼ̻̾E9ȣɼ̻̾1Ǹ˩"/ PSiA5ˍŗ6ʨ"ų-*
̈́Fig. 9 ͅ(5Ĉĩ5.1"/Uo{N_h5Ŀ!ʔFIŋ̥4
̻̉̾ǈ4ŶƖ!IHUo{N_h6ɦɼ̻̾1Ǹ˩"/Ř!1ǅF
13-*̈́Fig. 16 ͅ""ñ˲5˶GUo{N_h5Ŀ!Lïſ$Hĩ
ń5. Atg80H̈́Xie et al., 2008 ͅ(5Ɇȴ̍Ŀļÿ"3ȣɼ̻̾
1̻̉̾4/Uo{NcȈƉĿɀ3H1FUo{N_h
5`QeĤ̸0631əģ!I*̈́Fig. 5B ͅB.5Ĉĩ1"/U
o{N_h5ŶƖ̷ŭ̈́ŶƖ!IHÌƺͅʔFI*Atg85Ɇȴ6U
o{N_h5Ŀ!Lʼŉ$Hʹĩ1"/ʔFI/HB55Uo{N_
h5ŶƖƺ46̙"31!I/Ḧ́Xie et al., 2008 ͅ˰ũxdoʜO
fkÿ̈ɼ Rpd34ʂē$H Pho235̃¸ńɕĺǞ06ǧ3 ATG̃¸ń5˧á
ȈƉÿ!I(I4E-/ȏʙ4ʩɣ$HUo{NclZnPƺĹø"!F4
Uo{NcȈƉ×Ǆ$H1ĳĚ!I*̈́Loewith et al., 2001; Jin et al., 2014 ͅ
JinF5ĳĚ06Pho23ÅŅɇ3˧áïſLĐH Atgĩń5,Atg95iwZ
ˡ̍Uo{N_h5ŶƖ̷ŭ4̙"/H1!I/H(5*Apho23∆
Ǟ5ˀǖC ATG9L6#A1"* ATG̃¸ń5˧áɆȴ5ˀǖ4E-/ PSiA
¾ˍŗ4ƜFI/HĈĩLǅF40HB"I3 
 
4-3 PHOʁ˥5 PSiA:5̙ 
 
 ǋż4 PHOʁ˥5 PSiA:5̙Lˑ;*ǐɓɥ0ɏɊ"* 4ɢ̺5ĩń5,
Pho2Pho4Pho815 3.5iwZˡ6¾̉ǈ5̉±˓̙˹̃¸ń5˧á
ȈƉÿ4Pho856͂̉ǈ5˧áƜï4̙$H1F̈́ Fig. 2̈́ͅOshima, 1997 ͅ
PSiA PHOʁ˥5ïſ4H3F7ñʕ 3ɢ̺5̃¸ńɕĺǞ06 PSiA6̛ō
!Ipho85∆Ǟ06 PSiA ȈƉÿ!IH1ǍŻ!I*""CFP*}fl
b[OlfQ06IF5̃¸ńɕĺǞ1ʾǞ4HUo{NcȈƉ4˿
6ʻFI%PSiA6 PHOʁ˥5ïſ431əģ!I*̈́Fig. 19 ͅ 
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 GFP-Atg8 5iwZˡ̍Lˑ;H1pho2∆pho4∆pho81∆Ǟ06 vtc1∆Ǟ1Ĕ
#E4̻̉̾ǈ5 GFP-Atg8Ü̕5b[qų3G˴4 pho85∆Ǟ06(
5b[qŴ3-*̈́Fig. 18A ͅ51F PHOʁ˥ Atg85ɆȴȈƉÿ4
̙$H1əģ!I*PHO ʁ˥ïſ4H̃¸ń5˧á6(5}i
̶İ5 UAS̈́upstream activation siteͅ4 Pho21 Pho4Ɍ¦ÁȹH6ʂē$
H10ȈƉÿ!IH5 UAS 5^Ŏë1"/ 2 ɢ̺5 6 ĶĲŕ̈́CACGTT 1
CACGTG ͅ PHO84C PHO5325̉±˓̙˹̃¸ń4ÊŅ!I/Ḧ́ Ogawa 
et al., 1995; Oshima, 1997 ͅ""5 6ĶĲŕ6 ATG85}iÞ46ė
>I/3-*̈́data not shown ͅÙʯɓɥ4EGATG8 5˧á6(5}
i̶İ4˧áĩń Ume6ʂē"!F4 Sin3L®"/ Rpd3LZo$H
10˛5ïſLĐ/GUo{Ncˍŗǒµǈ4 Ume6 ̉ÿ!IH1
(5˧áȈƉÿ!IH1ɑFI/Ḧ́Kadosh and Struhl, 1997; Bartholomew 
et al., 2012 ͅ>*Ume61Ĕǧ4 Rpd31Ɍ¦Áȹ$H Pho236 PHOʁ˥5ȉ
0 PHO55˧áƜï4̙$H1ĳĚ!I/*̈́Lau et al., 1998 ͅ²×5ɑʻ
FATG8 6 PHO ʁ˥5ɋƭɇ3i]lo063B55Rpd3 ´®$H
10̘ƭɇ4Ɇȴïſ!IHđʚƉʔFI*PHO ʁ˥1Uo{NcǬǦ
5̙ÇƉLˀǅ$H*A46!F3Hˀǖƅʹ13H 
 
 ²×5ʂǗFèʥ̈Ƕ6ȶĸ̉ȡŭ5ľř5ļü4ŕ"/6 PHOʁ˥1
ȏʙ˞ʪ̉4E-/ɾʙˡÞ5̉ȡŭLŉ4Ê,ȶĸǒµƎÿ"/ɾʙ
ˡÞ5̉ȡŭLʇƤ033-*ǈ4 PSiALˍŗ"/̉ėǌÿēȭLéˀ
"ȥǬ̉5ȲžLÈ$đʚƉʔFI*5³ˏLǣˈ$H*A46ǐŋ
̀ɸ0ȹ*̈ǶǞ5ɾʙÞ5ȥǬ̉̉5̍Lʁǈɇ4ˑǜ"ɾʙÞ
̉ȡŭ1 PSiAˍŗ15̙ÇƉLˑ;3I73F3>*̪ń̹Ƃ̔ʿœ5
ʂǗFɦɼ̻̾ǈ1Ǹ;/̻̉̾ǒµ06ʷƺÌ4ƿȬÿ!I*ȏʙLƤ.
ɾʙƺľʻFI*̈́Fig. 16A ͅȏʙ5ƿȬÿ6͂ȍ˵Ĭdod4E-/ʿœ0
Hȴ˙0G(5ǒµ4Ɔɮ$Hb[q¸˾ʁ˥5.4 HOG̈́ high-osmolarity 
glycerolͅʁ˥Ḧ́Hohmann, 2002, 2009; Li and Kane, 2009 ͅ(5*A̉
̻̾ǒµ1͂ȍ˵Ĭǒµ1¥.5ɀ3Hdodǒµ5̙ÇƉLˑ;H10
èʥ̈Ƕ5dodƆɮ4̙$Hǀ"ɑʻžFIH1ǍŻ!I* 
 
 
 
Fig. 2 A schematic model of PHO pathway in response to an environmental 
phosphate concentration.
Fig. 3 Strategy for acquisition and storage of inorganic phosphate. 
Fig. 	 Principle of methods for measurement of autophagy using two 
distinct reporter proteins, GFP-Atg8 and CFP*.
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Fig. 5 The measurement of autophagic activity by GFP-Atg8 processing. (A) 
WT (left panel) and atg1∆ (right panel) strains harboring pRS316-GFP-ATG8 
were grown in SD medium to an early log phase, and then transferred to SD−N, 
SD−C, SD−P and fresh SD medium. Total cell lysates were prepared at the 
indicated time points and analyzed by immunoblotting probed with anti-GFP and 
anti-PGK antibodies. (B and C) Quantification of signals from immunoblotting 
analysis of Fig. 5A. The intensities of GFP-Atg8 and free GFP were normalized 
with Pgk1 signals at each time points. The expressed GFP-Atg8 level (the sum of 
GFP-Atg8 signal and free GFP signal) and the degradation activity of autophagy 
(the rate of free GFP signal to expressed GFP-Atg8) were shown in (B) and (C), 
respectively. Circle: SD−N; diamond: SD−C; triangle: SD−P; square: SD. Error 
bars represent standard derivation of three independent experiments. 
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Fig. 6 The measurement of autophagic activity by CFP* processing 
assay. (A) WT (left panel) and atg1∆ (right panel) strains harboring pCu416-
CFP* were grown in SD medium to an early log phase, and then transferred to 
SD−N, SD−C, SD−P and fresh SD medium. Total cell lysates were prepared at 
the indicated time points and analyzed by immunoblotting probed with anti-
GFP and anti-PGK antibodies. (B) Localization of CFP* in WT cells. The cells 
growing in SD medium to an early log phase were used for fluorescent 
microscopy. (C) Quantification of free CFP from immunoblotting analysis of 
Fig. 6A. The intensities of free CFP signals were normalized with Pgk1 signals 
at each time points. The relative amount of free CFP in WT cells starved with 
nitrogen for 4 h was set to 100%. Circle: SD−N; diamond: SD−C; triangle: SD
−P; square: SD. Error bars represent standard derivation of three independent 
experiments.
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Fig. 7 Cell viability in WT and autophagy-deficient strains. (A) Fluorescent 
microscopy of phloxine B-stained cells. The atg1∆ strain harboring an empty 
vector (pRS416) was grown in SD medium to an early log phase, and then 
transferred to SD−N medium. After incubation for 7 days, the cells were treated 
with phloxine B and used for fluorescent microscopy analysis. (B) The 
comparison of cell viability between the cells growing in SD medium (white bar) 
and those starved with nitrogen (blue bar) or phosphate (red bar). Fluorescent 
microscopy of indicated strains were performed in the same manner as Fig. 7A. 
The cells stained with the dye were counted and cell viability was calculated. 
Error bars represent standard derivation of three independent experiments. 
****p<0.0001. 
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Fig. 8 Autophagic activity in WT and pho91∆ strains by GFP-Atg8 
processing assay. GFP-Atg8 processing assay was performed in WT (open, 
solid line) and pho91∆ (closed, dashed line) strains harboring pRS316-GFP-
ATG8 as described in Fig. 5. Circle: SD−N; diamond: SD−C; triangle: SD−P. Error 
bars represent standard derivation of three independent experiments. **p<0.01 
and ***p<0.001.
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Fig. 9 Autophagic activity in WT and pho91∆ strains by CFP* processing 
assay. CFP* processing assay was performed in WT (open, solid line) and 
pho91∆ (closed, dashed line) strains harboring pCu	16-CFP* as described in Fig. 
6. Circle: SD−N; diamond: SD−C; triangle: SD−P. Error bars represent standard 
derivation of three independent experiments. *p<0.05, **p<0.01 and 
****p<0.0001.
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Fig. 10 Processing assay using GFP-Atg8 or CFP* in response to low 
phosphate condition in pho91∆ strain. After grown in SD medium, pho91∆ 
cells expressing GFP-Atg8 or CFP* were transferred to SD−P medium 
supplemented with the indicated concentration of phosphate and the protein 
samples were analyzed by immunoblotting as described in Fig. 5 and Fig. 6.
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Fig. 11 Processing assay using GFP-Atg8 or CFP* in ppn1∆, vtc1∆ and 
vtc4∆ strains. After grown in SD medium, the indicated cells expressing GFP-
Atg8 or CFP* were transferred to SD−N and SD−P medium and the protein 
samples were analyzed by immunoblotting as described in Fig. 5 and Fig. 6.
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Fig. 12 The effect of gene-disruption of PHO91 on physical functions. (A) 
WT (open, solid line) and pho91∆ (closed, dashed line) cells were grown in SD 
medium, then transferred to either fresh SD (square) or SD−P (triangle) medium. 
Cell density was monitored every 2 h. (B) Activity of PPHO84-lacZ in WT and 
pho91∆ strains harboring pHS6. The cells grown in SD medium (SD, white bar) 
and those starved with phosphate for 6 h (SD−P, red bar) were harvested, and 
used for measurement of β-galactosidase activity. (C) rAPase activity in WT and 
pho91∆ strains harboring an empty vector (pRS416). The cells were harvested in 
the same manner as Fig. 12B and used for measurement of rAPase activity. 
Error bars represent standard derivation of three independent experiments. 
****p<0.0001. 
A
C
on
ce
nt
ra
tio
n 
of
 N
H
4+
 (m
M
)
C
on
ce
nt
ra
tio
n 
of
 
gl
uc
os
e 
(g
/L
)
To
ta
l a
m
in
o 
ac
id
s 
(n
m
ol
/O
D
60
0)

Induction time (h)
B
C
Fig. 13 Measurement of glucose and NH4+ in culture supernatants and 
intracellular total amino acids in pho91∆ cells. (A and B) The concentration of 
glucose (A) and NH4+ (B) in culture supernatant. pho91∆ strain harboring an 
empty vector (pRS416) was grown in SD medium to an early log phase, and then 
transferred to fresh SD and SD−P medium. After incubation for 10 h, cell cultures 
were harvested and used for analyses (10 h, grey bar). The analyses were also 
performed in the prepared medium (0 h, white bar). (C) Intracellular total amino 
acids level of pho91∆ cells. After grown in SD medium, the pho91∆ cells 
harboring pRS416 were transferred to fresh SD (closed, black dashed line) and 
SD−P (open, red solid line) medium. The cells were harvested at the indicated 
time points and used for analysis. Error bars represent standard derivation of 
three independent experiments. *p<0.05 and ****p<0.0001. 
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Fig. 14 Individual concentration of hydrophobic amino acids in pho91∆ 
cells. After grown in SD medium, the pho91∆ cells harboring pRS416 were 
transferred to fresh SD (closed, black dashed line) and SD−P (open, red solid 
line) medium. The cells were harvested at the indicated time points and used for 
analysis. Error bars represent standard derivation of three independent 
experiments. *p<0.05, **p<0.01, ***p<0.001 and ****p<0.0001. 
 
*** *****
*
SD **
****
** ***
*
***
0 
1.0 
2.0 
3.0 
4.0 
0 4 8 
0 
1.0 
2.0 
3.0 
4.0 
0 4 8 
0 
5 
10 
15 
20 
25 
0 4 8 
0 
0.5 
1.0 
1.5 
2.0 
2.5 
0 4 8 
0 
1.0 
2.0 
3.0 
0 4 8 
0 
1.0 
2.0 
3.0 
4.0 
0 4 8 
0 
15 
30 
45 
60 
0 4 8 
Induction time (h)Induction time (h) Induction time (h) Induction time (h)
SD
SD−P
SD−P
SD
SD
SD−P
SD
SD−P
A
m
in
o 
ac
id
s 
(n
m
ol
/O
D
60
0)

(Serine) (Threonine) (Asparagine) (Glutamine)
Polar uncharged amino acids
Negative charged amino acids
Induction time (h)
A
m
in
o 
ac
id
s 
(n
m
ol
/O
D
60
0)

0 
15 
30 
45 
0 4 8 
0 
0.1 
0.2 
0.3 
0 4 8 
(Aspartic acid)
SD
SD−P
Induction time (h)
(Glutamic acid)
SD−P
SD
(Tyrosine)
Induction time (h)
0 
3 
6 
9 
12 
0 4 8 
Induction time (h)
(Cysteine)
A
m
in
o 
ac
id
s 
(n
m
ol
/O
D
60
0)

Positive charged amino acids
(Histidine) (Arginine)
SD−P
SD SD−P
SD
SD−P
SD SD−P
SD
Induction time (h) Induction time (h)
Fig. 15 Individual concentration of hydrophilic amino acids in pho91∆ cells. 
After grown in SD medium, the pho91∆ cells harboring pRS416 were transferred 
to fresh SD (closed, black dashed line) and SD−P (open, red solid line) medium. 
The cells were harvested at the indicated time points and used for analysis. Error 
bars represent standard derivation of three independent experiments. *p<0.05, 
**p<0.01, ***p<0.001 and ****p<0.0001. 
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Fig. 16 Observation of autophagic bodies in the vacuole. (A) Electron 
microscopy of autophagic bodies. The indicated cells incubated in SD−N for 2 h 
and SD−P for 6 h were subjected to transmission electron microscopy. 
Arrowheads indicate examples of autophagic bodies. (B) Scatter dot plot that 
indicates dispersion of cross-sectional area of autophagic bodies from Fig. 16A 
with mean (closed diamonds) and standard derivation (error bars). ****p<0.0001.
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Fig. 17 The measurement of  PPHO84-lacZ activity in strains deleted for PHO2 
and PHO4 genes. After grown in SD medium (SD, white bar), indicated cells 
expressing PPHO84-lacZ were transferred to SD−P medium and incubated for 6 h 
(SD−P, red bar). Cell lysates were used to measure β-galactosidase activity. 
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Fig. 18 GFP-Atg8 processing assay in strains deleted for genes related to 
PHO pathway. GFP-Atg8 processing assay was performed in indicated strains 
as described in Fig. 5. Error bars represent standard derivation of three 
independent experiments. **p<0.01 and ***p<0.001.
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Fig. 19 CFP* processing assay in strains deleted for genes related to PHO 
pathway. CFP* processing assay was performed in indicated strains as 
described in Fig. 6. Error bars represent standard derivation of three independent 
experiments.
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5 AtgiwZˡLZo"/ PASŶƖE9̨̤ʞǀȷÈ!IḦ́ Yeh et al., 
2011; Papinski et al., 2014; Suzuki et al., 2015 ͅAtg1746 Atg311 Atg29ǦƖɇ
4ʂē"/G5 2ɢ̺5 AtgiwZˡB̉ÿË̼4E-/̻̾ǈ5Uo
{N_hŶƖ4ŏ$H1ĳĚ!I/Ḧ́Kabeya et al., 2009; Mao et al., 
2013; Feng et al., 2015 ͅ""ż˲5 Cytoplasm to vacuole targeting̈́Cvtͅʁ˥
ˍŗ4̙Lə!31FAtg17-Atg29-Atg31ʷē¿6̭̂ƟɇUo{Nc
Ȯɀɇ3ĩń1"/ʔFI/Ḧ́Kamada et al., 2000; Kawamata et al., 2005; 
Kabeya et al., 2007 ͅ 
 èʥ̈Ƕ0Ɇʻ!I*̂ƟɇUo{NcǬǦ0H Cvtʁ˥06̻ ̾ˍŗƉU
o{Nc16ɀ3HǬǦ0 Atg1 XqgȈƉÿ!IH1ə!I*Cvt ʁ
˥6ȏʙÞ̈ɼ0HOu}kjg Ape1Cα-ubjg Ams15ȷēƖ}
fd0Gőǝ̽ǒµ0BƊŧɇ4Ǭʚ$H1Ȯƃ0Ḧ́Fig. 22 ͅApe1
6ȷēƖ!I*ż4ɾʙˡ0 12 ̍¿ÿ"!F4 Ape1 4ė>IH}}kpÅ
Ņɇ4͂ǮǦ˸LŶƖ$Ḧ́Ape1ʷē¿ ͅ("/Cvtʁ˥Ȯɀɇ3f}ii
wZˡ Atg19 Ams11Ý4 Ape1͂ǮǦ˸¿:ʂē$H10̂Ɵɇɣʦ13H Cvt
ʷē¿ňƖ$H(5ż̂ƟɇUo{NcȮɀɇĩń Atg11  Atg19 :ʂē
"Atg11L®"/ Atg1C Atg9 Cvtʷē¿ʲ̮:̧ɣ!IH10Cvtʷē¿L
Ȯɀɇ4þ?˯@ CvtŘʙŶƖ!IḦ́Kim et al., 1997; Shintani et al., 2002 ͅ˰ũ
5ɓɥ4EGAtg11-Atg19L®"* Atg11 Cvtʷē¿5Ɍ¦Áȹ Atg1Xqg5
ȈƉÿ4ƅʹ0H1ĳĚ!I*̈́Kamber et al., 2015 ͅAtg116 Atg11̂Ɵɇ
ɣʦL.3Oj}i1"/Ǭʚ$H1ɑFI/G̂ Ɵɇɣʦ4Ȯɀɇ3
f}iiwZˡ̈́Cvtʁ˥5 Atg19mitophagy5 Atg32pexophagy5 Atg363
2ͅ1ʂē$H10ɢ5̂ƟɇUo{Nc5ˍŗ4˜ȱ$Ḧ́Fig. 20Aͅ
̈́Shintani et al., 2002; Yorimitsu and Klionsky, 2005; Kanki et al., 2009; Motley et al., 
2012 ͅ(5*AAtg11 6̂ƟɇUo{Nc4Ȯɀɇ3ĩń1"/ʔFI/
G(5̃¸ńɕĺ4E-/ NSiA5ˍŗ4Ÿ̰LČ=!31ə!I/Ḧ́ Kim 
et al., 2001 ͅ 
 Atg96ľ̋ʞ˝˶įiwZˡ0G_c¿F̋ʞǦ˸5 Atg9Řʙ1"/
ȷƖ!Iɾʙˡ4Ņĭ$H5 Atg9Řʙ6 Atg13̈́ ̻̾ˍŗƉUo{Ncͅ
H6 Atg11̈́̂ƟɇUo{NcͅL®"/ Atg11Ɍ¦Áȹ"Atg15Xq
gȈƉ4E-/̉ÿ!IH(5ʂǗ¯ 5 AtgiwZˡ5̧ɣ4ŏ$H+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03̤ ̨ʞŶƖ4HìǍǴ̣5ʞƖé5Ä¿1"/BǬʚ$H1ĳĚ!
I/Ḧ́ Fig. 23̈́ͅHe et al., 2006; Yamamoto et al., 2012; Papinski et al., 2014; Suzuki 
et al., 2015 ͅAtg96Uo{N_hŶƖżH6Uo{N_h1ȏʙ
ʞ5ʮēż4 Atg9 Řʙ1"/ɾʙˡ4ƶè!I̨̤ʞǀȷ:àîȹ!IH1¤Ɛ
!I/HÙʯɓɥ4EGiwZˡéȁʁ˥CTp`Qobd32˫˳Ř
ʙUWt̘̈́ Řʙ¿_c¿ɾʙʞTphhhȏʙ32ͅ
LʯǓ$HTp|bdmUo{Nc4HʞƖé5Äʃț0
H1əģ!I/Hŋ̥4Řʙ¿F_c¿:5Řʙ˫˳Lơ COPII Ř
ʙ5ŶƖ32éȁʁ˥5ìǍǴ̣4̙$Hĩń NSiA 5ˍŗ4Tph
_c¿̘5Řʙ˫˳ʁ˥ Cvt ʁ˥5ˍŗ4(I)I̙$H1ə!I/H
̈́Ishihara et al., 2001; Hamasaki et al., 2003; Shirahama-Noda et al., 2013 ͅ51
F_c¿FŶƖ!IH Atg9 Řʙʞʮē5ŹõLơ SNARË́soluble 
N-ethylmaleimide-sensitive factor attachment protein receptorͅiwZˡCUo{
N_h5ʞƖéL PAS:Zo$H1ʔFI/Ḧ́van der Vaart et al., 
2010; Nair et al., 2011; Yamamoto et al., 2012 ͅ 
 ×˅5E4Uo{N_hŶƖ5ìǍǴ̣46 Atg1 ʷē¿5ŶƖC Atg9
Řʙ5̧ɣđǭ0H1əģ!I/*""IF5ĳĚ6ɦɼ̻̾L
ˍŗǒµ1"*ɓɥ0ǅF4!I*ɑʻ0Gɦɼ̻̾²Ľ5ˍŗǒµ0Ĕǧ5
1ˢHǣˈ!I/3(0ɪ¥ɨ06̻̉̾4HUo{Nc
5ˍŗVre5ˀǖ4ďGʀ?TORC1 4EH Atg1 ʷē¿5ŶƖïſCvt
ʁ˥5éńVreAtg9 Řʙ5`QZ[4̙$Hĩń4ɏɊ"/(5̙
Lˑ;*²̝6Ȯ4˅˲3ĴēL̠PSiAȮɀɇ4ȈƉÿ!I* pho91∆
ǞLʾǞ1"/Áʶ"*̃¸ńɕĺǞLˀǖ4ȹ/H>*Uo{Nc5Ȉ
ƉȚŉ46 2 ɢ̺5iiwZˡ̈́GFP-Atg8 E9 CFP*ͅ4EH}fb
[OlfQLʯ-*̭̂Ɵɇ3éˀĲˡ0H CFP*4̋ȤLʏ/Uo{N
cȈƉLˉÆ"*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2 ŋ̀ǑƾE9ǁȂ  
 
˅²Ľ6ɪɨ5ǁȂ4Ž-*Âȹ"*}dpE9U_sZUkp}
Q6 Table 51 Table 64(I)I>1A* 
 
2-1 ÂȹʧǞ 
 ǐŋ̀06ɪɨ0Áʶ"* S. cerevisiae 5Ĉǝ̽ǞL̃¸ńɕĺH6ŗÛ5
ʾǞ1"/ȹTable 44ÂȹʧǞ5ʽLə"* 
 
2-2 ıĮ 
 ɪɨ0ȹ*ıĮ²Ľ4Âȹ"*ıĮL˅4˅˪$HıĮ6UoZ|ç
ȵ̈́121°C20éͅ"/Âȹ"}oLÁʶ$H̥46ĒıĮ4 2%43HE4
ŒŀLø* 
͇̈́ͅYPD+hygromycinıĮ͑YPDıĮ4 200 µg/mL hygromycin BLȓø"*B5 
 
2-3 pho91∆ǞLʾǞ1"*̃¸ńʏƯɕĺ 
 ŋ̀ƳÁ6ɪɨ5 2-7̳4Ȝ#/ʯ-* 
 PCR Ȃ4EHʏƯɕĺȹ{[oÁʶ4̐į DNA 1"/ pFA6a-hphNT1
̈́hphNT1ͅ1 pFA6a-natNT2̈́natNT2ͅLȹ*̈́Janke et al., 2004 ͅčƆȝȏLɪ
ɨ5 2-7-1̳1Ĕǧ4ˑʶ"95°C0 30ɞ58°C0 30ɞ72°C0 2é5QX
bL 30`QZʎG˱"ǋż4 72°C0 10é̘čƆ!&* 
 
2-4 }dp5ďž 
 ǐɓɥ4ȹ*}dp6 Table 54ə"* 
 
2-4-1 pRS415-3FLAG-ATG11E9 pRS415-3FLAG-ATG11(1-859)5Áʶ 
 pRS415-3FLAG-ATG11 E9 pRS415-3FLAG-ATG11(1-859)5}dp6̈Ƕ
ɾʙÞ4HɌĔʀƯ4E-/Áʶ"*̈́Ma et al., 1987 ͅ 
 ATG115}i̆ë̈́PATG11ͅ5 3'Ò4 3FLAGL^p$H̆ëLʂē!&
* DNAƿȬ̈́ PATG11-3FLAG ͅATG115Ü ORF̶İ5 5'Ò4 3FLAGL^p$H̆
ëLʂē!&* DNA ƿȬ̈́3FLAG-ATG11ͅ1Atg11(1-859)̶İL^p$H DNA
̆ë55'Ò43FLAGL^p$H̆ëLʂē!&*DNAƿȬ̈́ 3FLAG-ATG11(1-859)ͅ
L PCRȂ0Áʶ"*PCRȂ46̐į DNA1"/ɪɨ5 2-7-3̳4Ž-/Ơè"
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* BY4742 Ǟ5]u DNA LÂȹ"(I)I oTAKA349/oTAKA352
oTAKA351/oTAKA350oTAKA351/oTAKA356 5}Q5ʀ?ēK&0čƆLʯ
-*²4ə"*čƆȝȏL 98°C 0 10 ɞ56°C 0 20 ɞ72°C 0¶Ƒ5ǈ̘
̈́PATG11-3FLAG; 20ɞ3FLAG-ATG11; 1é 30ɞ3FLAG-ATG11(1-859); 1é 10ɞͅ
5čƆL 30ĨʎG˱"ǋż4 72°C0 2é̘čƆ!&H14E-/Ɋɇ5 DNAƿ
ȬLÁʶ"* 
 
  Sterile water   36.5 µlL 
  5 × Q5 Reaction buffer  10 µL 
  10 mM dNTP   1 µL 
  50 µM 5’ primer   0.5 µL 
  50 µM 3’ primer   0.5 µL 
  Genome DNA   1 µL 
  Q5 High-Fidelity DNA Polymerase  0.5 µL 
  Total    50 µL 
 
 >*̈ ǶÞɌĔʀƯȂ4ȹHʊȯÿ!I*}dp6²5ʀƖ0čƆȏ
Lˑʶ"pCu415̈́LEU2ͅL 37°C0 3ǈ̘ï̞̈ɼ4E-/çȵ$H10ȜÔ"
* 
 
pCu415   4 µL 
10 × M buffer  1 µL 
Sterile water  4 µL 
 SacI   0.5 µL 
 XhoI   0.5 µL 
Total   10 µL 
 
 ×˅5ǁȂ0ˑʶ"* DNA ƿȬ1ʊȯÿ}dpLɪɨ5 2-6-2 ̳4Ž-*͂
ûȳŶˡ˧ƯȂ4E-/ BY4742Ǟ4ŗÛ"*$3K,PEG4000lithium acetate
`\ɶń DNALø/ʧ¿LƕȠ!&*ż4 2ǐ5ǀ" 1.5 mLŎ`}k
|:ă̍%.éȃ"*ǁ4 PATG11-3FLAG5 DNAƿȬL 25 µL3FLAG-ATG11
H6 3FLAG-ATG11(1-859)5 DNAƿȬL 25 µLpCu4155 SacI/XhoIȎÿȭ 0.5 µL
LøBǁ46tWmP|^o1"/ pCu4155 SacI/XhoIȎÿȭ 0.5 
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µL +Lø/EƱƢ"*čƆȝȏL 30°C 0 30 é̘QXo!&*ż
42°C0 20é̘xoblZ!&Ŷˡ˧ƯȝȏL 2,300 × g0 1é̘̀Ƅ"/×Ȕ
L̠*100 µL5ȞʧǺ4ƕȠ"*ʧ¿L SCLeuŒŀıĮ4ĵţ"/ 30°C0 2~3
ǂ̘ı̽"ȷʗ"/*^rLàŭǀ" SCLeuŒŀıĮ4Ǣʧ"/Ŷˡ˧Ư
¿1"*5Ŷˡ˧Ư¿L 5 mL5 SCLeuȏ¿ıĮ4Ǣʧ"/ 30°C0ǉı̽"
FLAG Ɲ¿Lȹ*RSdi|loȂ0ˀǖ$H10}dp5ɗˌLʯ-
*̈́ɪɨ 2-9-1~2-9-3̳ ͅ 
 
2-4-2 }dp DNA5̈ǶɾʙF5ĨĎ 
 2-4-1̳0ɗˌ"*Ŷˡ˧Ư¿L 5 mL5 SCLeuȏ¿ıĮ4Ǣʧ"ǉı̽"*
ı̽ȏL 15 mLŎ^rVk|4ɠ"600 × g0 2é̘̀Ƅ"×ȔLďG̠
*1 mL5ȞʧǺLø/ƕȠ"*ż1.5 mLŎ`}k|4ɠ"*2,300 × 
g0 1é̘̀Ƅ"/×ȔL̠(: 0.2 mL5 lysis buffer̈́ 2% Triton X-100, 1% SDS, 
100 mM sodium chloride, 10 mM Tris-HCl, pH 8.0, 1 mM Na2EDTAͅLø*!F4
0.3 g5¾OV[dyë́Ň¨ĥǡͅLø 3~4é̘mlZdX`0
ȟ"ƱƢ"*0.2 mL5 TELø20,400 × g0 5é̘̀Ƅ"*żǺŝ 0.4 mL
Lǀ" 1.5 mLŎ`}k|4ɠ"*(:20°C0âć"* 100% Tiu
L 1 mL1 3 M ̇̉qoRL 40 µLø/˨ƱƢ"20°C0 10é̘̬ʏ
"*(5ż4°C20,400 × g0 5é̘̀Ƅ"/×ȔL̠£Ȫ!&*ż20 µL/mL 
RNase ALė@ 50 µL5 TË́ 10 mM Tris-HCl, pH 8.0, 1 mM Na2EDTA 4ͅȝˀ!&*
IL}dpȝȏ1"/Ŀʝʧ5Ŷˡ˧Ư4ȹ*ɪɨ5 2-4-1̳1 2-4-2̳
4Ž-/Ŀʝʧ5Ŷˡ˧ƯE9}dp DNA5ĨĎLʯ-* 
 
2-4-3 pRS415-3FLAG-ATG11 F pRS416-3FLAG-ATG11 :5}dpZi
5ªƯ 
 2-4-1 ̳2-4-2 ̳4Ž-/̈ǶɾʙFĨĎ"* pRS415-3FLAG-ATG11 1
pRS415-3FLAG-ATG11(1-859)LȹpRS416̈́ URA3ͅ:5}dpZi5ª
ƯL̈ǶÞɌĔʀƯȂ4E-/ʯ-* 
 pCu415 1 pRS416 5Ý˶̆ëLˌ˕$H M13 }Q1ĨĎ"* 2 ɢ̺5}
dp DNA L̐į1"/ȹ* PCR Ȃ4E-/ PATG11-3FLAG-ATG11 1
PATG11-3FLAG-ATG11(1-859)5DNAƿȬLÁʶ"*PCRȝȏL²5ʀƖ0ˑʶ"
98°C 0 10 ɞ57°C 0 20 ɞ72°C 0 2 é̘5čƆL 30 ĨʎG˱"ǋż4 72°C
0 2é̘čƆ!&H14E-/Ɋɇ5 DNAƿȬLÁʶ"*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  Sterile water   36.5 µlL 
  5 × Q5 Reaction buffer  10 µL 
  10 mM dNTP   1 µL 
  50 µM M13 forward   0.5 µL 
  50 µM M13 reverse   0.5 µL 
  Template DNA   1 µL 
  Q5 High-Fidelity DNA Polymerase  0.5 µL 
  Total    50 µL 
 
 >*pRS416 Lȹ/²5ʀƖ0čƆȏLˑʶ"37°C 0 3 ǈ̘5ï̞̈ɼç
ȵLʯ-/ʊȯÿ"* 
 
pRS416   4 µL 
CutSmart buffer  1 µL 
Sterile water  4 µL 
 NotI-HF   0.5 µL 
 KpnI-HF   0.5 µL 
Total   10 µL 
 
 ×˅5ǁȂ0ˑʶ"* DNA ƿȬ1ʊȯÿ}dp6̷͂ŭɌĔʀƯ4EH
BY4742 Ǟ5Ŷˡ˧ƯȂ4ȹ*̈́ɪ¥ɨ 2-4-1 ̳ ͅPATG11-3FLAG-ATG11 H6
PATG11-3FLAG-ATG11(1-859)5 DNAƿȬL 30 µL1ʊȯÿ!&* pRS416L 0.5 µLL
Ŷˡ˧ƯȂ4ȹSCUraŒŀıĮ0Ŷˡ˧Ư¿5̂íLʯ-*RSdi|l
oȂ0Ŷˡ˧Ư¿5ɗˌż2-4-2̳5ǁȂ0̈ǶF}dp DNALĨĎ"* 
 
2-5 ATG13̃¸ńE9 ATG29̃¸ń5Tzo}iY[ 
 6×HA i[Lȹ* ATG13 ̃¸ńE9 ATG29 ̃¸ń5Tzo}iY[6
Janke F5ĳĚ4Ž-/ʯ-*̈́Janke et al., 2004 ͅ(I)I5̃¸ń5 C Ǐɩ4
6×HAi[L°ø$H*A46×HAL^p$H DNĂëADH1iti
Nourseothricin ʖƉ̃¸ń̈́clonNAT2ͅLė@ DNA ƿȬL PCR Ȃ4E-/Áʶ"
Ǜʤ¿×5 ATG13 E9 ATG29 5 ORF 5ɿǯ^p5ɋñ4ƨÛ"*PCR Ȃ5
̐į1"/ pYM17LÂȹ"}Q6 HY511 HY52̈́ ATG13-6×HA ͅH6
HY791 HY80̈́ATG29-6×HAͅLȹ*PCRȂ6²4ə"*čƆȝȏL 95°C0
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30ɞ58°C0 30ɞ72°C0 2é̘5čƆL 30ĨʎG˱"ǋż4 72°C0 10é̘
čƆ!&H14EGʯ-*žFI* DNA ƿȬ6ɪɨ5 2-6-2 ̳4Ž-/͂ûȳ
Ŷˡ˧Ư4ȹŶˡ˧Ư¿5̂ƞ46 YPD+clonNAT ıĮLȹ*Ŷˡ˧Ư¿4
DNAƿȬǰ"ƨÛ!I*1Lɪɨ5 2-7-3̳2-7-4̳4Ȝ#/ɗˌ"* 
 
  Sterile water   41 µlL 
  10 × Ex-Taq buffer   5 µL 
  10 mM dNTP   1 µL 
  50 µM 5’ primer   1 µL 
  50 µM 3’ primer   1 µL 
  Template DNA   1 µL 
  Ex-Taq DNA polymerase (5 units/µl) 0.25 µL 
  Total    50 µL 
 
2-6 RSdi|loȂ4EHǨɇiwZˡ5ǣè 
 ŋ̀ƳÁ6ɪɨ5 2-9-1~2-9-3̳4Ž-/ʯ-* 
 ǮƝ¿1"/RdƝ GFPƝ¿̈́mFX752000~5000ÍŤ̊ğÚɺʫ ͅR
dƝ PGK Ɲ¿̈́22C5D8, 20,000 ÍŤ̊Abcam, UK ͅRdƝ FLAG Ɲ¿̈́Anti 
DYKDDDDK tag, Monoclonal antibody2,000ÍŤ̊ğÚɺʫ ͅRdƝ HAƝ¿
̈́HA probeF-72,000 ÍŤ̊Santa Cruz Biotechnlogy ͅYƝ Ape1 Ɲ¿
̈́aminopeptidase-IyH-161,000ÍŤ̊Santa Cruz BiotechnologyͅL¥ǮƝ¿
46ʸȅ`yUXbjgǨ˕5YƝRd IgGƝ¿̈́5,000ÍŤ̊ǂǐv
QUlp 1ͅʸȅ`yUXbjgǨ˕5vƝY IgGƝ¿̈́ 5,000ÍŤ̊
Santa Cruz BiotechnologyͅLȹ*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Table 4. Yeast strains used in this study. 
Strain Genotype Reference 
YHY36 MATα ura3∆0 This study 
YHY38 MATα ura3∆0 pho91∆::kanMX4 This study 
YHY42 YHY38; atg11∆::hphNT1 This study 
YHY43 YHY38; atg19∆::hphNT1 This study 
YHY44 YHY38; atg32∆::hphNT1 This study 
YHY45 YHY38; atg36∆::hphNT1 This study 
YHY46 YHY38; tlg2∆::natNT2 This study 
YHY47 YHY38; atg20∆::natNT2 This study 
YHY48 YHY38; atg21∆::natNT2 This study 
YHY49 YHY38; atg23∆::natNT2 This study 
YHY50 YHY38; atg24∆::natNT2 This study 
YHY51 YHY38; atg27::natNT2 This study 
YHY54 YHY38; trs85∆::natNT2 This study 
YHY55 YHY38; vps51∆::natNT2 This study 
YHY56 YHY38; npr2∆::natNT2 This study 
YHY57 YHY38; npr3∆::natNT2 This study 
YHY58 YHY38; atg1∆::natNT2 This study 
YHY61 YHY38; atg17∆::natNT2 This study 
YHY138 YHY38; cog5∆::natNT2 This study 
YHY139 YHY38; cog6∆::natNT2 This study 
YHY148 YHY38; atg29∆::natNT2 This study 
YHY212 YHY38; atg13∆::natNT2 This study 
YHY26 MATα ura3∆0 leu2∆0 pho91∆::kanMX4 This study 
YHY88 YHY26; atg11∆::natNT2 This study 
YHY206 YHY36; ATG13-6×HA::natNT2 This study 
YHY209 YHY38; ATG13-6×HA::natNT2 This study 
YHY210 YHY209; atg11∆::hphNT1 This study 
YHY196 YHY36; ATG29-6×HA::natNT2 This study 
YHY200 YHY38; ATG29-6×HA::natNT2 This study 
YHY202 YHY42; ATG29-6×HA::natNT2 This study 
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YHY203 YHY200; atg17∆::hphNT1 This study 
 
Table 5. Plasmids used in this study. 
Plasmid Feature Reference 
pRS415 CEN LEU2 Sikorski et al. 
pRS416 CEN URA3 Sikorski et al. 
pRS316-GFP-ATG8 CEN URA3 PATG8-GFP-ATG8 This study 
pCu416-CFP* CEN URA3 PCUP1-CFP* This study 
pHS6 CEN URA3 PPHO84-lacZ Ogawa et al. 
pRS415-3FLAG-ATG11 CEN LEU2 PATG11-3FLAG-ATG11-TCYC1 This study 
pRS415-3FLAG-ATG11(1-859) CEN LEU2 PATG11-3FLAG-ATG11(1-859)-TCYC1 This study 
pRS416-3FLAG-ATG11 CEN URA3 PATG11-3FLAG-ATG11-TCYC1 This study 
pRS416-3FLAG-ATG11(1-859) CEN URA3 PATG11-3FLAG-ATG11(1-859)-TCYC1 This study 
pFA6a-hphNT1 hphNT1 Janke et al. 
pFA6a-natNT2 natNT2 Janke et al. 
 
Table 6. Primers used in this study. 
Name Sequence Purpose 
oTAKA104 GGATGTATGGGCTAAATG Verification of gene disruption 
with kanMX4, natNT2 and 
hphNT1 
5'ATG1_loxP ATATTTTCAAATCTCTTTTACAACACCAGACGAG
AAATTAAGAAACAGCTGAAGCTTCGTACGC 
ATG1 gene disruption 
3'ATG1_loxP TAGCAGGTCATTTGTACTTAATAAGAAAACCAT
ATTATGCATCACTCATAGGCCACTAGTGGATCT
GA 
ATG1 gene disruption 
M13forward GTAAAACGACGGCCAG Common primer 
M13reverse CAGGAAACAGCTATGAC Common primer 
HY6 AGCATATCATTCGTATTCAA Verification of ATG1 disruption 
HY21 TGCGAAGGCCCTTTGTTCTT Verification of PHO91 disruption 
HY35 TCCTAATCACAAAAGCAAAAAAAATCTGCCAGG
AACAGTAAACATCAGCTGAAGCTTCGTACGC 
ATG32 gene disruption 
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HY36 AAAAAGTGAGTAGGAACGTGTATGTTTGTGTAT
ATTGGAAAAAGGCATAGGCCACTAGTGGATCT
GA 
ATG32 gene disruption 
HY37 TGCACGATATTCTTTTAAACCA Verification of ATG32 disruption 
HY38 TCAGGGCTTAAAATACTAAAATTTGGTGGTCAG
TACAGCTCATTACAGCTGAAGCTTCGTACGC 
ATG36 gene disruption 
HY39 ATGGTGTTCGGACAACGTTTTAGAATGAGGGTA
TCTAACTTTCTTCATAGGCCACTAGTGGATCTG
A 
ATG36 gene disruption 
HY40 CTTTTTTCCACACCATCTGGT Verification of ATG36 disruption 
HY41 GCAATTGAACATACCATCTAGAAAAGTTGTCTT
CTACAGCACACACAGCTGAAGCTTCGTACGC 
ATG20 gene disruption 
HY42 TATATATCAAGTATGCTATAACGCTAAAAAAAAA
TGCTCATAATAGCATAGGCCACTAGTGGATCTG 
ATG20 gene disruption 
HY43 GCAATGACCTGCTCAGTAAT Verification of ATG20 disruption 
HY44 ACAATTCCACTCCTTTGGATTTGAAATAGACAG
ATAGAAAAGGATCAGCTGAAGCTTCGTACGC 
ATG21 gene disruption 
HY45 AATACGTACAATATCTATTAAGATTATGAAAACT
GCACATATGCAGCATAGGCCACTAGTGGATCT
G 
ATG21 gene disruption 
HY46 AGATTCAACATGGGCTAGTC Verification of ATG21 disruption 
HY47 ACTTTATTTACGGTATACCACAATACTGCTCTTT
TTGTTGAGGATCAGCTGAAGCTTCGTACGC 
ATG24 gene disruption 
HY48 GCCCAAGGTATTATCAGTAGTAATGGGAAAACA
TTAAGAGCACCAGCATAGGCCACTAGTGGATC
TG 
ATG24 gene disruption 
HY49 ACTCAATCTTGTCTCTCCCG Verification of ATG24 disruption 
HY50 GAACGAGGTTATTAGTAGT Verification of ATG19 disruption 
HY51 TTTTTCTTTAGTTGTGCCCTTTAAAATAAAACTT
TACCATTTTTAATCGATGAATTCGAGCTCG 
Epitope tagging of Atg13 
HY52 GATCTAGTATTTTTCATGAGTGATATGAACCTTT
CTAAAGAAGGTCGTACGCTGCAGGTCGAC 
Epitope tagging of Atg13 
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HY53 TTTTGCCACCCGCTAATACT Verification of disruption and 
epitope tagging of ATG13 
HY54 CCCCTTCTTTTTACCCTAGG Verification of TLG2 disruption 
HY55 GCGGCGGCACTTGCTTCAGTAACGCCCAAAGG
AGAGTTCTGGTAACAGCTGAAGCTTCGTACGC 
ATG19 gene disruption 
HY56 TGTATGTGAAAAGGTACTCATTGCTGTATAAAA
ATAGAGTTTGACCATAGGCCACTAGTGGATCTG
A 
ATG19 gene disruption 
HY67 TACCTCTTTATTCAGTCGGCTTTACAGATACTG
AGGTAACTTATACAGCTGAAGCTTCGTACGC 
TRS85 gene disruption 
HY68 ATTCGTACGTATAATTTATACTCAAAACATGAAT
TTTCCATAAAGGCATAGGCCACTAGTGGATCTG 
TRS85 gene disruption 
HY69 TCAATTGGAATGGGGAATTG Verification of TRS85 disruption 
HY70 GCGTATTTGCGGTGAGACGGAATCTGACGAGG
ATATTAAGTACAGCAGCTGAAGCTTCGTACGC 
VPS51 gene disruption 
HY71 TCTCGAAGGAAGTGTTCGGTGAAAGCCACGAT
ATGCCGCTGGAAAGCATAGGCCACTAGTGGAT
CTG 
VPS51 gene disruption 
HY72 CAACTCAACATCATTAGGCG Verification of VPS51 disruption 
HY73 CTTTCTCTACTAAAGGGAATGGTCAGATCATCA
GGCCAACGGCAACAGCTGAAGCTTCGTACGC 
NPR2 gene disruption 
HY74 AAAAAAAAAACATTTTGATGGACAATGAATTTCT
CTAATTTTAACGCATAGGCCACTAGTGGATCTG 
NPR2 gene disruption 
HY75 GCCGTATGACTCACCCGGAA Verification of NPR2 disruption 
HY76 AAAAAAAGGGAACAGAGTCATCTTTTGGGTAGA
AACTAAGCTTCACAGCTGAAGCTTCGTACGC 
NPR3 gene disruption 
HY77 GTAGATTTTTTTTTTTTTACTTACATTTTGTTACA
ATAGAGAGATGCATAGGCCACTAGTGGATCTG 
NPR3 gene disruption 
HY78 CTCTGACTGCCAACAGCTGG Verification of NPR3 disruption 
HY79 GCCGACAGTTGGTTTTTTGATTGTGCTTGTGAA
AGATGTAAATCAATCGATGAATTCGAGCTCG 
Epitope tagging of Atg29 
HY80 AGTAAATCTGCGTTGGAAGAAGCGCTAATGGA Epitope tagging of Atg29 
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CAGATTGCAATTCCGTACGCTGCAGGTCGAC 
HY81 CTCAATGTACTCGTGTCAGT Verification of disruption and 
epitope tagging of ATG29 
HY127 GGAAGATAAAAATGTGTAACAAAAAAGAAGAAA
AGAGCTGGAGGTCAGCTGAAGCTTCGTACGC 
COG5 gene disruption 
HY128 GATTCATCCTATTTCATCAACATTCTTAATTTTAT
GTAAACTGTCGCATAGGCCACTAGTGGATCTG 
COG5 gene disruption 
HY129 GTGACGAATATTTGAAGTCG Verification of COG5 disruption 
HY130 TATTGTACATTATCGTAACAAAATCCCCAGTGA
AGTTTACTCACACAGCTGAAGCTTCGTACGC 
COG6 gene disruption 
HY131 AGATGCGTCTTTGTGAGACGATTTTAAACAGAA
GTTGTTCATCTCGCATAGGCCACTAGTGGATCT
G 
COG6 gene disruption 
HY132 ACCAAACGGTAACATAACAG Verification of COG6 disruption 
HY133 AGACATACATAATTGTACTGCTGTGCATTTTCCT
ACTTGACTTTCCAGCTGAAGCTTCGTACGC 
ATG29 gene disruption 
HY134 TTGGCCGACAGTTGGTTTTTTGATTGTGCTTGT
GAAAGATGTAAAGCATAGGCCACTAGTGGATCT
G 
ATG29 gene disruption 
HY156 TTGAAAAGAAAGCAGAACATACAGCCCGGTTG
AATAGCATGAGTCCAGCTGAAGCTTCGTACGC 
ATG13 gene disruption 
HY157 TTATTTTTCTTTAGTTGTGCCCTTTAAAATAAAA
CTTTACCATTTGCATAGGCCACTAGTGGATCTG 
ATG13 gene disruption 
oTAKA305 GATCTTCAATCGATGCGATAGATAAAGGTAAGG
AAAGCTTTCACGCAGCTGAAGCTTCGTACGC 
ATG27 gene disruption 
oTAKA175 GCACTGCTGTTGCAAAAATATCGAATTGTAAGC
CAGTAAACTTATCATAGGCCACTAGTGGATCTG
A 
ATG27 gene disruption 
oTAKA306 CCACCCTGCTGCATTGTCAC Verification of ATG27 disruption 
oTAKA307 ACCTCGTTGTTCTATAAGGTAACAAAATAAAGT
GAAGAAGTAAATCAGCTGAAGCTTCGTACGC 
ATG23 gene disruption 
oTAKA308 GTTTAAATTTACATTATCCTCATGGCTACTCTAG ATG23 gene disruption 
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CTATTTGCATTCATAGGCCACTAGTGGATCTGA 
oTAKA309 ACGTGTGCGGCTTTGAAGGC Verification of ATG23 disruption 
tlg2 disrup1 TGATGTACATTTTATCGCTTTGTGATCTAGGCA
GTCGTTACAAACCAGCTGAAGCTTCGTACGC 
TLG2 gene disruption 
tlg2 disrup2 TATTATAGTTCAAAATCGCGATGCGGTACCGTG
AAAGTTTTGTCAGCATAGGCCACTAGTGGATCT
G 
TLG2 gene disruption 
NI43 CTGTTGTTGTTCGGAAAGTACTTCTTTTATTTTC
TTTTATACATCCAGCTGAAGCTTCGTACGC 
ATG11 gene disruption 
NI44 TACATAATTAAAATCTTGTCATTTGTGACAAACG
TTTAGCACTGTCATAGGCCACTAGTGGATCTGA 
ATG11 gene disruption 
NI45 GCGGGTCCATCTTACACAC Verification of ATG11 disruption 
PNK001 GATAAATTCGATACTGCGAGGATATTATCAACG
TATTTAACACCTCAGCTGAAGCTTCGTACGC 
ATG17 gene disruption 
PNK002 CAATTATTGAATCTTTGTACCGTATCCTTTTTTT
CCTTTTTTCTAGCATAGGCCACTAGTGGATCTG 
ATG17 gene disruption 
PNK005 CCTAGACCTGCATTGTGCATAGGTC Verification of ATG17 disruption 
oTAKA349 GAGCTCCACCGCGGTGGCGGCCGCTGGACTC
T ACGGCT AGCA TTC 
Construction of 
p415-3FLAG-ATG11 and 
p415-3FLAG-ATG11(1-859) 
oTAKA350 AGCGTGACATAACTAATTACATGACTCGAGTCA
AACTCCCTGGTATGAAACC 
Construction of 
p415-3FLAG-ATG11 
oTAKA351 TGATTATAAAGATCATGACATCGACTACAAGGA
TGACGATGACAAGGGATCCGCAG 
ACGCTGATGAATATAGCA 
Construction of 
p415-3FLAG-ATG11 and 
p415-3FLAG-ATG11(1-859) 
oTAKA352 AGTCGATGTCATGATCTTTATAATCACCGTCAT
GGTCTTTGTAGTCGGATCCCATGAT 
GTATAAAAGAAAATAAAAG 
Construction of 
p415-3FLAG-ATG11 and 
p415-3FLAG-ATG11(1-859) 
oTAKA356 AGCGTGACATAACTAATTACATGACTCGAGTCA
ACCTTTTTCCATCGAGCTTGAG 
Construction of 
p415-3FLAG-ATG11(1-859) 
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3 ʂǗ  
 
3-1 PSiA5ˍŗ6 TORC14E-/ïſ!IH 
 
 ɪɨ5ʂǗEGPHOʁ˥6 NSiA1 PSiA5ˍŗLɋƭïſ"31ʂ˒°*
̈́Fig. 19 ͅ(0ŋ̥4 PSiA ˍŗLïſ$Hb[q¸˾ʁ˥Lˑ;H*A4
Target of rapamycin complex 1̈́TORC1ͅ4ɏɊ"*TORC16ǝ̽ɼȮ4Ou
̉325ɦɼț5f`1"/Ǭʚ$H10ɾʙěǍC mRNA 5ʓˇh
ȷēƖ32ǧ3ȷȵȴ˙Lïſ$H1ɑFI/H̈́ Barbet et al., 1996; 
Berset et al., 1998; Cardenas et al., 1999; Powers and Walter, 1999 ͅ5 TORC16
NSiA 5ˍŗBïſ"/Gőǝ̽ǒµ4/ȈƉÿȯƓ4H TORC1 U
o{NcˍŗLƜï"ɦɼ̻̾4̡H1 TORC1ȈƉÿ!IH10Uo{
Ncˍŗ6ʜƜï!I/ȈƉÿ!IḦ́Noda and Ohsumi, 1998 ͅÙʯɓɥ4E-
/ Npr2 1 Npr3 6ʷē¿LŶƖ"/ TORC1 5˛5ˑɱĩń1"/Õ(5ąȰ̃
¸ńɕĺ4E-/NSiA5ȈƉʨ"̛ō!IH1ĳĚ!I/*̈́ Neklesa and 
Davis, 2009; Kira et al., 2014 ͅ(0NPR21 NPR35̃¸ńɕĺǞLÁʶ"U
o{NcȈƉLȚŉ"*>%CFP*Li1"/Uo{NcȈƉL
Țŉ"*1Jnpr2∆ǞE9 npr3∆Ǟ06 NSiA1 PSiA5ȈƉ1B4ʨ"ư3
KI*̈́Fig. 24A and 24B ͅ>*GFP-Atg85}fb[OlfQBĔǧ4ʯ-*
1J(I)I5̃¸ńɕĺ4E-/ GFP-Atg85Ɇȴ̍E9˼̨ GFP5ʩɣ̍
%I5ˍŗǒµ0BȖř"*̈́Fig. 24C ͅ5ʂǗFɦɼ̻̾ĔǧPSiA B
TORC14E-/ˍŗïſ!IH1əģ!I* 
 >*TORC15̛ōò0H rapamycinLȷʗıĮ:ȓø$H1őǝ̽ǒµ0
BUo{Ncˍŗ!IH1ɑFI/Ḧ́Noda and Ohsumi, 1998 ͅ(
0SDıĮ1 SDPıĮ4 rapamycinLȓø"/ pho91∆Ǟ4H CFP*5}fb
[Lri"*SD ıĮ4 rapamycin Lȓø"*ǈ6CFP*5}fb[
̹ʨ4GĳĚ˶G4Uo{Ncˍŗ!IH1ɗˌ!I*̈́Fig. 25 ͅ
SDP ıĮ4 rapamycin Lȓø"*ǈBCFP*}fb[5ʨ"ȈƉÿʻFI
*̈́Fig. 25 ͅ²×5ʂǗFPSiAˍŗ¾0ƜFI/H56Uo{
Ncˍŗ4ƅʹ3̉ėǌÿēȭˤ"**A063̻̉̾ǈ4
TORC1āé4ȈƉÿ!I/31Ĉĩ0H1ʔFI*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3-2 PSiAˍŗ6 Atg1ʷē¿5ŶƖ4ÅŅ$H 
 
 TORC1 6(5XqgȈƉ4E-/Uo{Nc5ˍŗ̗ŁLơ Atg1 ʷē¿
5ŶƖLïſ$Ḧ́Kamada et al., 2000 ͅAtg1ʷē¿6XqgȈƉLƤ. Atg1
TORC15ɋƭɇ3Ĳˡ13H Atg13("/ŶƖ!I* Atg1ʷē¿ĔĻLǚǫ"/ˣ
éńǦ˸¿5ŶƖ4ŏ$H Atg17FǦƖ!IḦ́ Fig. 21̈́ͅYamamoto et al., 2016 ͅ
őǝ̽ǒµ06ȈƉÿȯƓ5TORC1Xqg4E-/Atg136˽ŭ4̉ÿË̼
!I/ʷē¿ŶƖƜï!IHɦɼ̻̾ǒµ06 TORC16ȈƉÿ!IAtg13
6˷C4ʜ̉ÿ!IH(5ʂǗAtg1C Atg175Ɍ¦Áȹ̄½̫è"/ Atg1
ʷē¿LŶƖ"Atg9 ŘʙC(5¯ Atg iwZˡLZo"/̨̤ʞǀȷÈ
!IH(0PSiAˍŗ4H Atg1ʷē¿5ƅʹƉLˑ;H*A4ATG1ATG13
ATG17 5̃¸ńɕĺLʯUo{NcȈƉLȚŉ"*(5ʂǗ̭̂Ɵɇ3
ɣʦ1"/}fb[!IH CFP*5}fb[OlfQ063 ɢ̺5̃¸ńɕ
ĺǞ4/ NSiAE9 PSiA5ˍŗňÜ4̛ō!I*̈́Fig. 26A ͅUo{N_
hʞ4ʂē"/ȏʙ:˫˳!IH GFP-Atg8 Li1"/Ĕǧ5ˀǖLʯ
-*1Jatg1∆Ǟ1 atg13∆Ǟ06ɦɼ̻̾E9̻̉̾4H˼̨ GFP 5
ʩɣňÜ4ǭư"*̈́Fig. 26B ͅ(I4ŕ"/atg17∆Ǟ06%I5ǒµ0B˼
̨ GFP 5b[q6ʿœ!I*B55ʾǞ1Ǹ˩$H1(5b[qŴŭ6ų3
-*̈́ Fig. 26B ͅAtg17̻̾ÅŅɇ3Uo{Nc4Ȯɀɇ3ĩń0H54ŕ"
Atg1 1 Atg13 6őǝ̽ǒµ5 Cvt ʁ˥ˍŗ4B̙$H1ɑFI/H
̈́Kamada et al., 2000 ͅAtg86 Cvtʁ˥4H˫˳ŘʙŶƖ4Bîȹ!IH1
Fatg17∆Ǟ0ʩɣ$H˼̨ GFP6 Cvtʁ˥4ÅŅ"*B50HđʚƉʔFI
*̈́Shintani and Klionsky, 2004; Sawa-Makarska et al., 2014 ͅ 
 >*TORC1 ÅŅɇ3 Atg13 5ʜ̉ÿȯƓLˑ;H*A4̌ȷǞE9
pho91∆Ǟ5Ǜʤ¿×5 ATG135ɿǯ^pɋñ4 6×HAi[L^p$H DNĂë
LƨÛ"Atg13-6×HALɆȴ$HǞLÁʶ"/RSdi|loˀǖ4ȹ*(
5ʂǗɦɼ̻̾4/̌ȷǞ6 10é̘5ˍŗ0ʜ̉ÿ1ƇKIHǅɗ3v
pb{oʿœ!I*̻̉̾06(5˺ʯ˻1ǈ̘F 2ǈ̘5ˍŗ0
K%3vpb{oʻFI*̈́Fig. 27 ͅĔǧ5ˀǖL pho91∆Ǟ4/ʯ-*
1J̻̉̾ǈ5vpb{oȮɀɇ4È˺!I30 é̘5ˍŗ0ʜ̉
ÿʻFI*̈́Fig. 27 ͅ 
 ²×5ʂǗFAtg1 ʷē¿6̻̉̾ǈ5Uo{Ncˍŗ4Bđǭ0
GAtg135ʜ̉ÿŰ̎13-/ˍŗ̗Ł!IH1əģ!I*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3-3 Atg11 PSiA5ˍŗ4đǭ0H 
 
 Ǯ4èʥ̈Ƕ0Ɇʻ!I*̂ƟɇUo{NcǬǦ0H Cvt ʁ˥4ɏɊ"*
Cvtʁ˥6Uo{NcǬǦLîȹ"*ȏʙ̈ɼ5˫˳ʁ˥0GÝ˶5Uo{
Nc̙˹iwZˡLîȹ"/H4BKF%őǝ̽ǒµ0BǬʚ$H
Cvtʁ˥5ʹ3ɣʦ Ape1ʷē¿4 Atg19ʂē"* Ape1-Atg19ʷē¿̈́Cvt ʷē
¿ LͅˤĴ1"/Atg11L®"/ Atg1C Atg9L6#A1"*Uo{N_hʞ
5ŶƖ4ƅʹ3ĩń(5ěˮ4Zo!IḦ́Fig. 22 ͅŽ-/őǝ̽ǒµ
4HUo{Nc̙˹5˫˳6 Atg19 C Atg11Ape1 ʷē¿ÅŅɇ4ˢH
̈́Shintani and Klionsky, 2004 ͅɦɼ̻̾ǒµ0Ĥ̭Ɵɇ3Uo{Nc4
6 Atg19 C Atg11Ape1 ʷē¿6ƅʹ31ĳĚ!I/Ḧ́Kim et al., 2001; 
Scott et al., 2001 ͅ(0̻̉̾ǒµ0BĔǧ5ʂǗžFIHˑ;H*A
4ATG11 1 ATG19 5̃¸ńɕĺǞLÁʶ"CFP*E9 GFP-Atg8 5}fb
[OlfQLʯ-*(5ʂǗ2,F5iiwZˡ0B atg19∆Ǟ4
HUo{NcȈƉ6ɦɼ̻̾̻̉̾1B4ʾǞ1Ĕɬ0-*̈́Fig. 28 and 
29 ͅ""3FʡĜȑ14atg11∆Ǟ4H CFP*5}fb[6ɦɼ̻
̾06Ŀ3˿ʻFI354ŕ"/̻̉̾06˼̨ CFP 5ʩɣ<1M
2ʻFI3-*̈́Fig. 28 ͅ>*GFP-Atg8Li1"/ atg11∆Ǟ5Uo
{NcȈƉLˑ;H1ɦɼ̻̾06ˍŗ 4ǈ̘Ɋ5}fb[ȳ6ʾǞ5 2/3ɡ
ŭ4¾"*̈́Fig. 29 ͅ""̻̉̾06ˍŗ 8ǈ̘Ɋ4/ʾǞɹ 80%
5}fb[Lə"*54ŕ"/atg11∆Ǟ06˼̨ GFP5ʩɣňÜ4̛ō!I
*̈́Fig. 29 ͅ5 atg11∆Ǟ4H Atg135ʜ̉ÿȯƓLˑ;*1Jɦɼ̻
̾̻̉̾ǒµ1B4 Atg135vpb{o6ʾǞ15˿6ʻFI%!F4
%I5ǞB 2 ǈ̘5̻̉̾ˍŗ5ż4̉Lȓø$H1 Atg13 à9̉
ÿ!I*̈́Fig. 30 ͅ²×5ʂǗFATG115̃¸ńɕĺ6̻̉̾5ƒɑ4Ÿ̰
L%Atg13ʜ̉ÿ!I*ż4 Atg11ƅʹ13H1əģ!I* 
 èʥ̈Ƕ46 Cvtʁ˥5¯4o^pO5éˀLơ mitophagy1UXb
h5éˀLơ pexophagy 325̂ƟɇUo{NcŅĭ$HCvt ʁ˥4
H Atg191Ĕ#E4o^pO5Ľʞ5 Atg32CUXbhʞ5 
Atg36  Atg11 1ʂē$H10̂Ɵɇɣʦ1 Atg1 Xqg5Ɍ¦ÁȹL´®$H
̈́Kanki et al., 2009; Motley et al., 2012 ͅ5 ATG321 ATG365̃¸ńɕĺǞLÁ
ʶ"/Uo{NcȈƉLȚŉ"*atg19∆Ǟ1Ĕǧ4ɦɼ̻̾E9̻̉̾
4H 2 ɢ̺5iiwZˡ5}fb[4ʾǞ15˿6ʻFI3
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-*̈́Fig. 28 and 29 ͅ 
 ²×5ʂǗFPSiA46 Atg11ƅʹ4B̙KF%̂ƟɇUo{Nc15
ƭȤʻè&31FAtg11̭̂ƟɇUo{Nc4Bƅʹ0HđʚƉ
ʔFI*Atg115̆ëÞ46iwZˡ15Ɍ¦Áȹ4̙Lə$ coiled-coil̈́ CCͅ
pQ 4.Ņĭ"CǏɩÒ5 CC4pQ̂Ɵɇɣʦ5ʂē4ƅʹ0H
1ɑFI/Ḧ́Fig. 31Ä́ͅ Yorimitsu and Klionsky, 2005; Aoki et al., 2011 ͅ(
0Atg11 5 CC4 ²Ľ5̶İ PSiA Lˢ$54āéˑ;H*A4CC4 pQ
Lǭư!&*ļɀį Atg11(1-859)LÁʶ"/ atg11∆Ǟ:ŗÛ"(5ȈƉLˑ;*
>%Atg11(1-859)5ŗÛǞ4H Cvt ʁ˥5ˍŗLʿœ"*Ape1 5ñ̿¿0
H prApe16ȏʙ:˫˳!I*ż}}kp̶İȏʙÞ}mOg4E-/̠
Ċ!I/ƖȨį5 mApe14ļƯ!IḦ́Fig. 22̈́ͅ Lynch-Day and Klionsky, 2010 ͅ
5 Ape1 5}fb[LƥǨ4Ape1 Ɲ¿4EHRSdi|loˀǖ4E-
/ Ape1˫˳Lˑ;*1JʾǞ06 mApe15b[qȡǣè!I*54ŕ"
/atg11∆Ǟ06vpb{oʻFI31F Cvtʁ˥ňÜ4ǭư!I*1
é-*̈́Fig. 31B ͅ("/5 atg11∆Ǟ4̌ȷį Atg11LŗÛ$H1 Cvtʁ˥
5ǭưňÜ4Ĩƀ"*B55Atg11(1-859)5ŗÛ06Ĩƀ6ʻFI3-*̈́Fig. 
31B ͅ5ʂǗFAtg11(1-859)ŗÛǞ06 Cvtʁ˥6Ǭʚ"31ɗˌ!I*
IF5Ǟ4ŕ"/ CFP*E9 GFP-Atg85}fb[OlfQLʯ-*1J
atg11∆Ǟ0ňÜ4ǭư!I*i5 PSiA ÅŅɇ3}fb[
Atg11(1-859)5ŗÛ4E-/̄éɇ3ĨƀLə"*̈́ Fig. 32 and 33 ͅ²×5ʂǗF
Atg11 6Oj}i1"/5Źõ5¯4̭̂ƟɇUo{Nc4/B̋ʹ3Ź
õLǗ*"/H1əģ!I* 
 
3-4 ǝ̻̽̾ÅŅɇ3 Atg295̉ÿ1 PSiAȈƉÿ5̙Ç 
 
 ˰ũ5ɓɥ4EGAtg174Ɗŧɇ4ʂē$H Atg296ɦɼ̻̾ǈ4̉ÿ!IH
10 Atg111Ɍ¦Áȹ$H1ĳĚ!I*̈́ Mao et al., 2013 ͅPSiAˍŗ4 Atg11
đǭ0H1F5 Atg11-Atg29̘5Ɍ¦ÁȹB PSiAˍŗ4đǭ0H
đʚƉʔFI*(0ATG29̃¸ńLɕĺ"NSiA1 PSiA:5Ÿ̰Lˑ;
*CFP*5}fb[FUo{NcȈƉLˑ;*1Jatg29∆Ǟ06 NSiA
1 PSiA 5ˍŗ6Ý4ʨ"ư3KIȮ4̻̉̾06˼̨ CFP 5b[q6ǣ
è!I3-*̈́Fig. 34A and 34C ͅĔǧ4 GFP-Atg85}fb[Lˀǖ"*ʂ
Ǘatg29∆Ǟ4/ɦɼ̻̾06ʾǞEG 1 ǈ̘˻I0}fb[ȳ×Ǆ"*
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54ŕ"/̻̉̾06}fb[ȳ5¾ɦɼ̻̾EGB̹ʨ+-*̈́Fig. 
34B and 34C ͅ²×5ʂǗFAtg296%I5ˍŗǒµ0BUo{Ncˍŗ
4ƅʹ0HNSiA EGB PSiA 5ǁ Atg29 4ŕ$HÅŅŭ͂1əģ!
I* 
 Ǯ4Atg29-6×HA LɆȴ$ȞȷǞE9 pho91∆ǞLÁʶ"RSdi|l
oˀǖ0 Atg295̉ÿȯƓLˀǖ"*(5ʂǗSDıĮ0Bˍŗ 6ǈ̘ɊF
̉ÿ!I* Atg29̈́Atg29-Pͅ5b[qèȴ"*B55ɦɼ̻̾E9
̻̉̾06 SD ıĮEGBǃˍŗǈ̘F Atg29-P 5b[qʿœ0*̈́Fig. 
35A ͅ(5b[qŴŭF Atg295̉ÿȳLɯè"/̌ȷǞ1 pho91∆Ǟ4
H̉ÿ5˺ʯLǸ˩"*1Jɦɼ̻̾06˿ʻFI354ŕ"/
̻̉̾06 pho91∆Ǟ5ǁ̉ÿ5˺ʯǃ-*̈́Fig. 35B ͅ5ʂǗF
Atg295̉ÿ1 PSiAˍŗ5ȈƉÿ6Ɍ̙̙Ç4H1əģ!I* 
 Atgĩń5̃¸ńɕĺǞ4H Atg29̉ÿ5ˀǖ6ʯKI/3-*(
0Atg29 1Ɗŧɇ4ʷē¿LŶƖ$H Atg17 E9 Atg29-P 1Ɍ¦Áȹ$H Atg11
4ɏɊ"(5̃¸ńɕĺ4EH Atg295̉ÿ:5Ÿ̰Lˀǖ"*(5ʂǗˍ
ŗǒµ4̙KF% atg17∆Ǟ06 Atg29-P 5b[q>-*ǣè!I3-*1
FAtg295̉ÿ46Ɗŧɇ3 Atg17-Atg29-Atg31ʷē¿5ŶƖƅʹ0H
1əģ!I*̈́Fig. 36 ͅ>*atg11∆Ǟ06ɦɼ̻̾4H Atg29̉ÿ5˺
ʯ6˻Ů$HB55ˍ ŗ 4ǈ̘Ɋ46ʾǞ1Ĕɡŭ>0 Atg296̉ÿ!I*̈́ Fig. 
36 ͅǁ̻̉̾06ˍŗ 4ǈ̘Ɋ4/ʾǞɹ 30%5̉ÿȳLə$5
4ŕ"/atg11∆Ǟ06(5 1/35 10%ɡŭ5̉ÿȳ+-*̈́ Fig. 36 ͅ5 atg11∆
Ǟ4̌ȷį Atg11H6ļɀį Atg11(1-859)LŗÛ"/Ĕǧ5ˀǖLʯ-*1J
ATG115̃¸ńɕĺ4EH Atg295̉ÿ5˻Ů Atg11(1-859)5ŗÛ4E-/̌
ȷį1Ĕɡŭ4>0Ĩƀ"*̈́Fig. 37 ͅ²×5ʂǗFAtg295̉ÿ46Ɍ¦
Áȹ5ŕ˙13H Atg11ƅʹ0H1("/ Atg296 Atg115 CC4pQ²
Ľ5̶İ1Ɍ¦Áȹ$HđʚƉʔFI* 
 
3-5 PSiA4H Cvtʁ˥Ȯɀɇ3ʞŘʙ5˫˳ʁ˥5̙ 
 
 Atg11 6̨̤ʞǀȷ5ʞÄʃț1"/Ǭʚ$H Atg9 1Ɍ¦Áȹ$H1ĳĚ!I
/Ḧ́ He et al., 2006 ͅ_c¿FŶƖ!I* Atg9Řʙ6̨̤ʞǀȷ5Ĵ̈́ PASͅ
1ɾʙˡÞ0ʷƺ5ƽȤ1"/ʿœ!IH^woö́Atg9 reservoirsͅLʯ
Ǔ$Ḧ́Reggiori et al., 2004; Yamamoto et al., 2012 ͅ5 Atg9 reservoirs6ǎˀ
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ǅ3Ȥľ˰ ũ5ɓɥ4E-/TphF_c¿:5ʞŘʙ5˫˳ʁ
˥ Cvt ʁ˥Ȯɀɇ3 Atg9 reservoirs 13H1ĳĚ!I*̈́Shirahama-Noda et al., 
2013 ͅ(0Tph_c¿̘5˫˳ʁ˥4̙$H 5ɢ̺5ĩń̈́ Trs85
Vps51Tlg2Cog5Cog6ͅ4ɏɊ"* 
 Trs85 6 TRAPPIIḮ transport protein particleͅʷē¿ Vps51 6 GARP
̈́Golgi-associated retrograde proteinͅʷē¿Cog5 1 Cog6 6 COG̈́conserved 
oligomeric Golgiͅʷē¿L(I)IǦƖ"SNAREiwZˡ Tlg26 Vps51-Tlg1̘
5Ɍ¦ÁȹL®"/GARPʷē¿1Ɍ¦Áȹ$Ḧ́ Conibear et al., 2003; Loh and Hong, 
2004; Barrowman et al., 2010; Lynch-Day et al., 2010 ͅIF5ĩń6Tph
F_c¿:5ʞŘʙ˫˳4̙KH11B4 Cvt ʁ˥Ȯɀɇ3̙BĳĚ!I/
*1F>%̃¸ńɕĺǞ4H Ape15}fb[Lˀǖ"*̈́ Abeliovich et 
al., 1999; Reggiori et al., 2003; Yen et al., 2010; Shirahama-Noda et al., 2013 ͅ(5ʂ
Ǘőǝ̽ǒµ4H Ape1ƖȨÿ trs85Ǟvps51∆Ǟtlg2∆Ǟ0ʨ"ư3K
Icog5∆Ǟ1 cog6∆Ǟ0BK%3ƖȨ̛ōʻFI*̈́Fig. 38A and 38B ͅCvtʁ
˥Ȯɀɇĩń5̃¸ńɕĺǞ06Ape15ƖȨ̛ōɦɼ̻̾ˍŗ0Ĩƀ$H1ɑ
FI/H(0ŋ̥4ɦɼ̻̾ˍŗLH1 Ape15ƖȨÿ6ʾǞɡŭ4>0
Ĩƀ"*B55̻̉̾06(5Ĩƀ5ɡŭ6¾Ȯ4 trs85∆Ǟ06ɦɼ̻̾ǈ
5 1/4 <25ƖȨÿ"ə!3-*̈́Fig. 38B ͅIF 5 ɢ̺5̃¸ńɕĺǞLȹ
/ CFP*}fb[OlfQLʯ-*1Jɦɼ̻̾06 trs85∆ǞL̠ 4ɢ̺
5̃¸ńɕĺǞ0Ŀ3ļÿʻFI3-*̻̉̾06$;/5Ǟ0Uo
{NcȈƉʨ"̛ō!I*̈́Fig. 39 ͅĔǧ4 GFP-Atg85i1"/ˀ
ǖ$H1trs85∆Ǟ06ɦɼ̻̾̻̉̾1B4i5}fb[ʨ"
̛ō!I*B55cog5∆Ǟ1 cog6∆Ǟ06ǒµ0ʾǞ15˿6ʻFI3-*
̈́Fig. 40 ͅ""vps51∆Ǟ1 tlg2∆Ǟ06ɦɼ̻̾4/K%3}fb[
5˻Ů"ʻFI3-*̻̉̾06<1M2}fb[!I3-*̈́ Fig. 
40 ͅ 
 ²×5ʂǗFĒǒµ4H 3ɢ̺5iiwZˡ5}fb[Lʾ
Ǟ1̃¸ńɕĺǞ0Ǹ˩".5ʲ4>1A*̈́Fig. 44 ͅ(5ʂǗˀǖ4îȹ$
Hi4E-/ɡŭ6ɀ3HB55ɏɊ"* 5ɢ̺5̃¸ńLɕĺ$H10
NSiAEGB PSiA5ǁ(5ȈƉ̛ō!IH1LǅF1"Cvtʁ˥Ȯɀɇ3Ř
ʙ˫˳ĩń5 PSiA:5̙əģ!I*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3-6 Uo{N_hŶƖǈ5ʞ˫˳4̙KH Atgĩń5ˀǖ 
 
 ^O AtgiwZˡ6Uo{NcǬǦÜʢɇ3̙Lə$Atgĩń546
Cvtʁ˥Ȯɀɇ3ǬʚLƤ.ĩńC̭̂ƟɇUo{Nc1 Cvtʁ˥5%I4B
ƅʹ3ĩńɆʻ!I/Ḧ́Fig. 20A ͅPSiA5ˍŗ Cvtʁ˥Ȯɀɇ3ʞŘʙ˫˳
ʁ˥4ÅŅ$H1ǅF13-*1FCvt ʁ˥5ˍŗ4ƅʹ3 Atg ĩń
̈́Atg21Atg20Atg24Atg23Atg27ͅ5̃¸ńɕĺ PSiAˍŗ425E3Ÿ̰
LČ=$ˑ;H*A43-5̳1Ĕǧ5ˀǖLʯ-* 
 Atg21 6^O Atg iwZˡ Atg18 5w[0GAtg18 Uo{Nc1
Cvtʁ˥5ǁ5ˍŗ4̙$H54ŕ"/ Atg216 Cvtʁ˥5ˍŗ4/Ȯɀɇ4
Ǭʚ"Atg81 PE5ʂē4̙$H1ĳĚ!I/Ḧ́Strømhaug et al., 2004; Nair 
et al., 2010; Juris et al., 2015 ͅŋ̥4 atg21∆Ǟ4ŕ"/ GFP-Atg85}fb[O
lfQLʯ-*1J˼̨ GFP 5b[q6èȴ"3-*̈́Fig. 43 ͅatg21∆Ǟ
4H Ape15}fb[Lˑ;H1ĳĚ!I*˶Gőǝ̽ǒµ0 Ape15Ɩ
Ȩÿ6ʻFI%ɦɼ̻̾ˍŗ4E-/(5̛ō6ʾǞ5 60%ɡŭ>0Ĩƀ"*
̻̉̾06<1M2Ĩƀ"3-*̈́Fig. 41 ͅ("/Ĕǧ4 CFP*Li
1"/Uo{NcȈƉLȚŉ$H1ɦɼ̻̾06ˍŗ 4ǈ̘Ɋ46ʾǞ5 60%
ɡ5ȈƉLə"*B55̻̉̾06˼̨ CFP 5b[q6<1M2ǣè!I3
-*̈́Fig. 42 ͅ 
 Atg20̈́Snx42ͅ1 Atg24̈́Snx4ͅ6¦4Ɍ¦Áȹ"3-5 ̳5ʞ˫˳ĩń1Ĕǧ
4TphF_c¿:5˴ʯ˫˳ʁ˥4̙KHhmP[tXb1"/
Ǭʚ$Ḧ́Hettema et al., 2003 ͅ>*Atg20-Atg246 Atg111Ɍ¦Áȹ$H10
Cvtʁ˥5̂Ɵɇɣʦ1ʂē"Cvtʁ˥5ˍŗ4̙$Ḧ́Nice et al., 2002 ͅI
F5̃¸ńɕĺǞ06őǝ̽ǒµǈ5 Ape15}fb[6̛ō!IHɦɼ̻̾
ˍŗE9̻̉̾ˍŗ4E-/ Ape1 5ƖȨʾǞ1Ĕɡŭ4>0Ĩƀ"*̈́Fig. 
41 ͅ>*CFP*06ǒµ0ʾǞ15ǌƑ3š6ʻFI3-*54ŕ"GFP-Atg8
06ɦɼ̻̾̻̉̾1B4}fb[̛ō!I*̈́Fig. 42 and 43 ͅ 
 Atg231 Atg2761B4 Cvtʁ˥+03ǰŧ3Uo{Ncˍŗ4Bƅʹ3
AtgiwZˡ0Ḧ́Tucker et al., 2003; Yen et al., 2007 ͅ˰ũUo{N_h
ŶƖ4̙$H 24ɢ̺5 ATG̃¸ń5ľ̋ɕĺǞLȹ*ɓɥ4EGCvtʁ˥5
ɣʦ13H Ape11 Atg95Ýśĭ4ǋ¾̞ƅʹ3 Atgĩń Atg11Atg19Atg23
Atg275 4ɢ̺5 Atgĩń0H1ǅF13-*̈́Backues et al., 2015 ͅ("
/Atg231 Atg276 Atg9Řʙ5ŶƖC̨̤ʞŶƖ5Ĵ̈́PASͅ:5Zo4
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̙$H1əģ!I*5 2ɢ̺5̃¸ńɕĺǞ06 atg20∆ǞC atg24∆Ǟ1Ĕ
#E4őǝ̽ǒµ4/̛ō!I* Ape15}fb[ɦɼ̻̾C̻̉
̾4E-/ʾǞɡŭ4>0Ĩƀ"*̈́Fig. 41 ͅIF5̃¸ńɕĺǞ4ŕ"/ CFP*
5}fb[OlfQLʯ-*1JNSiA5ȈƉʨ"̛ō!IH atg23∆Ǟ4
ŕ"/ atg27∆Ǟ06K%3¾"ʻFI31˿6HB55%I5
Ǟ0B PSiA 5ˍŗ6<1M2ʻFI3-*̈́Fig. 42 ͅĔǧ4 GFP-Atg8 L
i1"/Uo{NcȈƉLȚŉ$H1%I5̃¸ńɕĺǞ0B PSiA5ˍŗ
6ʨ"¾"*̈́Fig. 43 ͅ 
 ²×5ˀǖʂǗL 3-5̳1Ĕ#E4.5ʲ4>1AʾǞ1Ǹ˩"*1J(I
)I5̃¸ńɕĺ4EHUo{Ncˍŗ:5Ÿ̰6 NSiAEGB PSiA5ǁĿ
-*̈́Fig. 44 ͅ5ʂǗFCvtʁ˥:̙Lə$ AtgĩńB>* PSiA5ˍŗ4
ƅʹ13HđʚƉʔFI*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4 ʔœ  
 
 Uo{Nc5ˍŗ4̙$H AtgiwZˡ6ǝ̻̽̾b[qLĐH1
0ȏʙ˰Ó5Ȥ4̧ɣ!I/ PAS LŶƖ"(F̨̤ʞ5ǀȷʯKIH
5 PAS:5̧ɣ46xTXŅĭ"PASŶƖ5ìǍǴ̣Lơ^O Atgĩń
 Atg1ʷē¿̈́ Atg1-Atg13-Atg17-Atg29-Atg31 ͅE9 Atg9Řʙ0Hɪ¥ɨ06
5 2ɢ̺5 AtgiwZˡʑ4ɏɊ"NSiAC Cvtʁ˥5ˍŗǬǦ1Ǹ˩$H1
0 PSiA5ˍŗVre5ˀǖ4ďGʀM+ 
 
4-1 TORC15 PSiAˍŗ:5̙ 
 
 NSiA 5ˍŗ6ɦɼț5Ǚȕ4Ɔɮ"* TORC1 Xqg5ȈƉÿF̗Ł!IH
̈́Noda and Ohsumi, 1998 ͅTORC1ȈƉÿ!IH1 Atg136˷C4ʜ̉ÿ
!IAtg1C Atg1715Ɍ¦Áȹ̄½̫è"/ʷē¿5ŶƖʯKIḦ́ Kamada et 
al., 2000; Kamada et al., 2010; Yamamoto et al., 2016 ͅǐɓɥ06TORC15˛5ï
ſĩń̈́NPR2 E9 NPR3ͅC Atg1 ʷē¿5ǦƖĩń̈́ATG1ATG13ATG17ͅ
5̃¸ńɕĺ4EHUo{NcȈƉ:5Ÿ̰E9 Atg135ʜ̉ÿȯƓLˑ
;H10PSiA 1 TORC1 5̙ÇƉLˑ;*(5ʂǗ5 ɢ̺5̃¸ńɕĺǞ0
6ɦɼ̻̾E9̻̉̾4EHUo{NcȈƉʨ"̛ō!IH1("
/̻̉̾4Ɔɮ"/ Atg13 ʜ̉ÿ!IH1LǅF1"*̈́Fig. 24, 26 
and 27 ͅ²×5ʂǗFNSiA1ĔǧPSiA5ˍŗ4/B TORC1ÅŅɇ3 Atg1
ʷē¿5ŶƖđǭ0H1əģ!I*""npr2∆ǞE9 npr3∆Ǟ4
H GFP-Atg8 5}fb[OlfQ5ʂǗFIF5̃¸ńɕĺǞ06
GFP-Atg85Ɇȴ̍ʾǞEGȖř"*̈́Fig. 24C ͅ(5*Anpr2∆ǞE9 npr3∆
Ǟ4HUo{NcȈƉ̈́CFP*5}fb[ͅ5¾6 Atg8̍5ȖřĈĩ
0Űˢ!I*đʚƉBʔFI*­żPSiA4H TORC11 Atg8Ɇȴ5̙
ÇCnpr2∆ǞE9 npr3∆Ǟ4H Atg135ʜ̉ÿȯƓ5ˀǖƅʹ0H 
 ̻̉̾ˍŗ4E-/ Atg13 6ʜ̉ÿ!I*B55˷C4 Atg13 ʜ
̉ÿ!IHɦɼ̻̾1Ǹ˩"/(5˺ʯ6ʨ"˻-*̈́ Fig. 27 ͅ5ʂǗF
̻̉̾06 Atg1ʷē¿5ŶƖûȳ¾1¤Ɛ!I*Atg1ʷē¿6 Atg17
ÅŅɇ4ˣéńǦ˸¿LŶƖ"ʠŢ̉ÿ4E-/ Atg1 Xqg5ȈƉÿÈ˺
!IḦ́Yamamoto et al., 2016 ͅAtg15XqgȈƉ5ȷȵɇ3ĲˡCUo{Nc
ˍŗ4HŹõ6ǎ+ǅ3Ȥľ(5Ĳˡ5.1"/ Atg9 ĳĚ!I
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*̈́Papinski et al., 2014 ͅAtg96 Atg131Ɍ¦Áȹ$H10 Atg9Řʙ1"/ Atg1
ʷē¿1ʂē"¯ 5 AtgiwZˡCʞʮē4ƅʹ3 SNAREiwZˡ5Z
o+03̤ ̨ʞǀȷ5̥5ʞƖé5Ä4̙$Ḧ́ Nair et al., 2011; Yamamoto 
et al., 2012; Suzuki et al., 2015 ͅ("/Atg95̉ÿ6 Atg1ʷē¿15Ɍ¦Áȹ
4̙&%PAS ŶƖ5xTX50 Atg9 5ȉ4H Atg18 ʷē¿C Atg8
5̧ɣE9̨̤ʞ5º̕4ƅʹ0H1ə!I*̈́Papinski et al., 2014 ͅ²×5
ĳĚF5ˣéńǦ˸¿5ŶƖûȳ¾$H10 PSiA5ˍŗ¾Ɯ
ï!IŶƖ!IHUo{N_hŘ!3H1ʔFI* 
 
4-2 PSiAˍŗ4H Atg115ƅʹƉ 
 
 èʥ̈Ƕ0Ɇʻ!I* Cvtʁ˥6őǝ̽ǒµ0BƊŧɇ4ˢĤƟɇUo{
Nc0Hǝ̻̽̾b[qLĐ/ Atg13-Atg17̘5Ɍ¦ÁȹÅŅɇ4 Atg1
Ȥ4̧ɣ!IĤ̭ƟɇUo{Nc16ɀ3GCvt ʁ˥06̂Ɵɇɣʦ
̈́Ape1-Atg19ʷē¿ ͅ Atg1̧ɣ5ˤĴ13Ḧ́ Shintani and Klionsky, 2004 ͅAtg11
 Atg19 1 Atg1 LʍOj}i1"/Ǭʚ$H10 Atg1 5XqgȈƉÿ!
IḦ́Kamber et al., 2015 ͅÙʯɓɥ4E-/Atg191 Atg116̭̂ƟɇUo{
Nc5ˍŗ4̙"31ĳĚ!I/*̈́Fig. 28̈́ͅ Kim et al., 2001; Shintani 
and Klionsky, 2004; Chang and Huang, 2007 ͅ""3FʡĜȑ14atg11∆
Ǟ06 PSiAˍŗʨ"̛ō!I*̈́Fig. 28 and 29 ͅ(5*AI>0̭̂Ɵɇ
Uo{Nc4ʹ1ʔFI/* Atg11ˍ ŗ5¾ PSiA4/̋
ʹ3ŹõLơ1əģ!I*>*atg19∆Ǟ06 PSiA ȈƉ4Ÿ̰ʻFI%
C ǏɩÒ5ɣʦˌ˕̄½̈́CC4 pQͅLǭư!&* Atg11(1-859)5ŗÛ4E-/
atg11∆Ǟ4H PSiA5ǭư̄éɇ4Ĩƀ"*̈́ Fig. 28, 29, 32 and 33̈́ͅ Yorimitsu 
and Klionsky, 2005 ͅ²×5ʂǗFAtg11-Atg19̘5Ɍ¦ÁȹL®"/ Atgiw
Zˡ5̧ɣ5Ĵ13H Ape1ʷē¿6 PSiA4ƅʹ3CC4pQ²Ľ5̶İ̋
ʹ0H1ʔFI* 
 Atg116(5̆ëÞ5 CC2E9 CC3pQL®"/ Atg11CC1E9 CC2
pQ̈́ H6 CC2pQ5? Lͅ®"/ Atg91Ɍ¦Áȹ$H10 Cvtʁ˥
5ˍŗ4̙$H1ĳĚ!I/Ḧ́Fig. 31Ä́ͅ Yorimitsu and Klionsky, 2005; Chang 
and Huang, 2007 ͅ>*Atg116 Atg171ʂē$H1ə!I/*!F3
Hɓɥ4E-/ Atg17 6̉ÿ!I* Atg29 L®"/ Atg11 4ʂē$H1ǅF
4!I*̈́Mao et al., 2013 ͅIF5 AtgiwZˡ6 NSiA5ˍŗ˽ɡ06ʜ
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̉ÿ!I* Atg13 4E-/̧ɣ!IḦ́Suzuki et al., 2015 ͅ̻̉̾4H
Atg13 5ʜ̉ÿ5˺ʯ˻1FAtg11 ̻̉̾ǈ4̭ûȳ13-*
Atg1ʷē¿5ˣéńǦ˸¿5ŶƖE9Atg9Řʙ5ZoLʵķ$H1əģ
!I* 
 Atg111 Atg176ǧ3Ɏʧ̺4ÊŅ!IH Atgĩń0H(IF5Uo{N
cǬǦ:5̙6ƅ%"BĔ#063Ã7ʖȩƉ̈Ƕ Kluyveromyces 
marxianus06ATG11H6 ATG175ąȰ̃¸ńɕĺ4E-/ NSiAˍŗ6̄é
ɇ4̛ō!I¥̋̃¸ńɕĺ4E-/ NSiAňÜ4̛ō!IḦ́Yamamoto et al., 
2015 ͅ51FK. marxianus06 Atg111 Atg17-Atg29-Atg31ʷē¿5Ǭʚ
̋ʷ"/H1ʔFIHǁéʳ̈Ƕ Schizosaccharomyces pombe 06
ǐɓɥ4H PSiA1Ĕ#E4Atg111 Atg175ǁ NSiAˍŗ4ƅ̵0H
1ĳĚ!I/Ḧ́Sun et al., 2013 ͅ¯4BbQsqeq Arabidopsis thaliana
Cʊʬ Caenorhabditis elegans 0B Atg11 6ÊŅ!I/GA. thaliana 06 Atg11
̭̂Ɵɇ3Uo{Nc1 mitophagy5ǁ4ƅʹ0H54ŕ"/C. elegans
06 Atg11̈́ EPG-7ͅ6ƺɢ̺5iwZˡ5å̧ȭLȮɀɇ4éˀ$HUo{Nc
ǬǦ45?̙$Ḧ́Lin et al., 2013; Li et al., 2014 ͅ5E4̭̂ƟɇUo{
Nc4H Atg115ƅʹƉ6ȷȭɢ̘0Ŀɀ3GǐĆĻ˒Ƽɓɥ06!F4
ǝ̽ǒµ4E-/B Atg11 5Uo{Ncˍŗ:5˜ȱŭļü"*(5*A
Atg111Atg17ÊŅ!IHȷȭ6ʠ˦5ɾʙÞ±˓ǬǦCȷʗȶĸ41-/́ê3Ŷ
0 2.5bdmLÂéH10Uo{NcˍŗLĉŐ4ïſ$HđʚƉ
ʔFI*PSiA4H Atg115ŹõC Atg17-Atg29-Atg31ʷē¿15̙ÇƉLˑ
;/žFIHɑʻ6¯5ȷȭɢ5Uo{Ncɓɥ41-/Bǌɉ3B543H1
ʔFI**A!F3Hˀǖƅʹ1ʔH 
 
4-3 Cvtʁ˥Ȯɀɇ3ʞ˫˳ĩń1 PSiA5̙ÇƉ 
 
 ɾʙˡ0̨̤ʞǀȷ!IHUo{NcǬǦ5ȮƃF(5ʞƖé5ȻǓ5
Ƭɽ6Ŀ3ː̸13-/Hȴĭ_c¿FŶƖ!IH Atg9 Řʙ̨̤ʞǀ
ȷ5ìǍǴ̣4HʞÄʃ4ʞƖé0H PE1ʂē"/ PAS:̧ɣ$H Atg8
̨̤ʞ5º̕E9̨̤ʞǏɩĔĻ5ʮē4(I)Iŏ$H1ʔFI/Ḧ́Xie 
et al., 2008; Yamamoto et al., 2012 ͅ("/Atg9C Atg8Li1"*ɓɥ4
E-/ɾʙÞ5Řʙ˫˳tloZ̈́Tp|bdmͅUo{Nc
ǬǦ4HʞƖé5Äʃț0H1əģ!I/H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 NSiA1 Cvtʁ˥06 Atg1Xqg5ȈƉÿǬǦ+03¥̋ʞǦ˸¿5ŶƖ4
îȹ!IHʞÄʃț4B˿H.>GTphF_c¿:5Řʙ˫˳
ʁ˥ Cvtʁ˥4ƅʹ0GNSiA46ìǍiwZˡéȁʁ˥̈́ Řʙ¿_c¿̘
_c¿Þ˫˳ͅ̋ʹ3ŹõLǗ*"/H1ɑFI/Ḧ́Hamasaki et al., 
2003; Geng et al., 2010; Shirahama-Noda et al., 2013 ͅǐɓɥ06Tph
F_c¿:5˫˳4̙KH TRAPIIIʷē¿̈́ Trs85 ͅGARPʷē¿̈́ Vps51 ͅSNARE
iwZˡ̈́Tlg2 ͅCOGʷē¿̈́Cog5E9 Cog6ͅ PSiA4B̙$H1Lǅ
F1"*̈́ Fig. 38, 39 and 40 ̈́ͅ Reggiori et al., 2003; Yen et al., 2010; 
Shirahama-Noda et al., 2013 ͅ3ɢ̺5ʷē¿6$;/TphȻǓ5ŘʙL_
c¿:ʍȾ!&HŹõLơ1ĳĚ!I/GSNARE iwZˡ Tlg2 6
Tlg1-Vps51̘5Ɍ¦ÁȹL®"/ GARPʷē¿1ʂē"ʍȾ!I*Řʙ5_c¿
:5ʞʮēLÈ˺!&Ḧ́Conibear et al., 2003 ͅ%IBʞ5ʮē˽ɡ4ƅʹ3ĩń
0GUo{N_hŶƖ4Hʞʮē4̙$H­żˀǖ$HƅʹH 
 Trs856(5̃¸ńɕĺ4E-/őǝ̽ǒµ4H Ape15ƖȨÿňÜ4̛ō!
Iɦɼ̻̾4E-/(5ǭưʾǞɡŭ>0Ĩƀ"*B55̻̉̾06<1M
2Ĩƀ"3-*1FTrs85L PSiAȮɀɇĩń1"/ʔ*̈́ Fig. 38 ͅ""
̭̂Ɵɇ3ɣʦ13H CFP*CUo{N_h5ŶƖÅŅɇ4ȏʙ:˫˳!IH
GFP-Atg85}fb[ûȳ6%I5ˍŗǒµ0B trs85∆Ǟ4/ʨ"̛ō!
I*̈́Fig. 39 and 40 ͅTrs85Ȯɀɇ4ʂē$H TRAPIIIʷē¿6 Rab{N
GTPase0H Ypt15ȈƉLˑɱ$H[OrsZUkpªƯĩń̈́GEF, guanine 
nucleotide exchange factorͅ1"/Ǭʚ$HYpt16Řʙʞ5ʍȾ3F94ʞʮē3
2Řʙ˫˳4Hʷƺ5ȴ˙Lïſ$H GTPase 0GGEF 4E-/ȈƉį
̈́GDPʂēįͅFȈƉį̈́GTPʂēįͅ:ļƯ!IḦ́Segev et al., 1988; Jones et 
al., 2000 ͅ˰ũAtg11(5̆ëÞ5 CC2E9 CC3pQL®"/ Ypt11Ɍ
¦Áȹ"Trs85-Ypt1-Atg11̘5Ɍ¦Áȹ Atg15 Ape1ʷē¿̈́H6 PASͅ:
5ZoE9Uo{NcȈƉÿ4ƅʹ0H1ĳĚ!I/H
̈́Lipatova et al., 2012 ͅ(5*ATrs85LTph_c¿̘5˫˳ʁ˥̙˹
ĩń1"/+03Ypt1-Atg11̘5Ɍ¦ÁȹLïſ$H GEF1"/Bʔ(5
̙Lˋɾ4ˀǖ"3I73F3̈́Fig. 28, 29, 39 and 40 ͅ 
 Cvtʁ˥1Uo{Nc5ûȳɇ3ˍŗ4̙$H Atg231 Atg27E9 Cvtʁ
˥Ȯɀɇ3ǬʚLƤ. Atg215̃¸ńɕĺǞ06 NSiA²×4 PSiA:5Ÿ̰Ŀ
-*̈́ Fig. 41, 42 and 43̈́ͅStrømhaug et al., 2004; Legakis et al., 2007; Yen et al., 2007 ͅ
Atg231Atg276Atg9Řʙ5PASreservoirs̘5`QZ[4ŏ$H+03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_c¿F Atg9 ŘʙLŶƖ$H̥4Bƅʹ13H1ĳĚ!I/H
̈́Yamamoto et al., 2012; Backues et al., 2015 ͅ>*Atg96 TORC1ȈƉÿ!
IH1(5Ɇȴ̍Ĺø$H1("/ǦƖɇ4 Atg9L͂Ɇȴ!&H1 atg23∆Ǟ1
atg27∆Ǟ4H Ape15ƖȨÜĨƀ$H1ə!I/*̈́Yamamoto et al., 
2012; Backues et al., 2015 ͅ̻̉̾06 TORC15ȈƉÿ¾1
FAtg95Ɇȴ̍ɦɼ̻̾ǈ<2×Ǆ"31 atg23∆Ǟ1 atg27∆Ǟ0 PSiA
ˍŗ!I3Ĉĩ5.+1ʔFI*̈́Fig. 25 and 27 ͅ>*Atg96 Atg15Xq
gȈƉ4E-/̉ÿ!IAtg18L Ape1ʷē¿̈́ H6 PAS :̧ͅɣ$H
˰ũ Atg18 5w[0H Atg21 5̧ɣ4B Atg9 ƅʹ0H1ə!I*
̈́Papinski et al., 2014; Juris et al., 2015 ͅAtg181 Atg2161B4 Atg85 PEÿ4ƅ
ʹ3 Atgĩń0Hñʕ Cvtʁ˥1̭̂ƟɇUo{Nc52,F4Bƅʹ0
H54ŕ"/żʕ6 Cvtʁ˥Ȯɀɇ4Ǭʚ$H1ĳĚ!I/Ḧ́ Strømhaug et al., 
2004 ͅ˰ũőǝ̽ǒµ4/ǧ3 ATG ̃¸ń5˧áLƜï$Hĩń1"/
Pho23Ɇʻ!IAtg18B(5ŕ˙5.0H1ə!I*̈́Jin et al., 2014 ͅ
JinF6 Pho234E-/őǝ̽ǒµǈ5˧áƜï!IH ATG̃¸ń5<1M26ɦ
ɼ̻̾4E-/˧áʜƜï!IH1Lə"*Uo{Nc4H Atg18 1
Atg215Âé4̙"/6ǎˀǅ3Ȥľ5̻̾ÅŅɇ3˧áȈƉÿ 2.
5 Atg iwZˡ5˿0HđʚƉʔFI*­ż6ɀ3Hˍŗǒµ4
H ATG̃¸ń5˧áɆȴ̍4ɏɊ"*ˀǖƅʹ43H+J 
 
 ɪ¥ɨ06PSiA5ˍŗ46Uo{Nc5ˍŗ̗ŁLơ Atg1ʷē¿4ø
NSiA4ƅʹ3 Atg11Cʞ˫˳ĩń̈́TphF_c¿:5˫˳4̙KH
̄5ĩńͅ̋ʹ0H1LǅF1"*ɦɼ̻̾06 TORC1˷C4ȈƉ
ÿ!IH10Atg17 4ÅŅ"* Atg1 ʷē¿5ˣéńǦ˸¿ÿE9ɾʙĹǳ5̛
ō4EHʟĿ3ʞƖé5Äʃ4E-/Uo{Nc̹ʨ4ȈƉÿ!IH(I4
ŕ"/̻̉̾06 TORC15ȈƉÿ¾̈́.>GAtg135ʜ̉
ÿ5ûȳ¾ͅ1FAtg1 ʷē¿5ŶƖCʞƖé5Äʃ̍%IBāé1
3GCvt ʁ˥0ȹFIH Atg11-Atg1 bdmCʞ˫˳ĩńLîȹ"/ˤéLʵ
1¤Ɛ!I*""ǐĆĻ˒Ƽɓɥ06(I)I5̃¸ńɕĺ5Ÿ̰Lˑ;
*4˽3*A­ż6̻̉̾4H Atg iwZˡ̘5Ɍ¦ÁȹˀǖC
Atg1Xqg5ȈƉÿȯƓ5ˀǖĒ ATG̃¸ń5˧áɆȴ5ˀǖđǭ
13H>*!F3H PSiAȮɀɇ3ĩń5ɆʻL˺AH10Uo{Ncˍ
ŗ5éńVreLˋɾ4ˀǖ$H*A5ɑʻžFIH1ʔ/H 
A B
Fig. 20 (A) Classification of Atg proteins by each function during non-
selective and/or selective autophagy. (B) Hierarchy diagram of core Atg 
proteins.
Fig. 21 TORC1-dependent activation of autophagy in response to an 
environmental nitrogen concentration.
Fig. 22 A schematic model of Cvt pathway.
Fig. 23 Involvement of Atg9 vesicle in the membrane dynamics of bulk 
autophagy and Cvt pathway. 
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Fig. 24 Autophagic activity in strains deleted for genes involved in TORC1 
signaling pathway. (A) CFP* processing assay was performed as described in 
Fig. 6. (B) Quantification of free CFP from immunoblotting analysis of Fig. 24A. 
The intensities of free CFP signals were normalized with Pgk1 signals at each 
time points. The relative amount of free CFP in pho91∆ (WT) cells starved with 
nitrogen for 4 h was set to 100%. Error bars represent standard derivation of 
three independent experiments. ****p<0.0001. (C) GFP-Atg8 processing assay 
was performed as described in Fig. 5. 
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Fig. 25 Autophagic activity of cells treated with rapamycin. After grown in SD 
medium, the pho91∆ cells expressing CFP* were transferred to fresh SD, SD−P 
medium, or those containing 0.2 µg/mL of rapamycin. CFP* processing assay 
was performed as described in Fig. 6.
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Fig. 26 Processing assay using CFP* and GFP-Atg8 in strains deleted for 
genes related to Atg1 complex. After grown in SD medium, the indicated cells 
expressing CFP* or GFP-Atg8 were transferred to SD−N and SD−P medium and 
the protein samples were analyzed by immunoblotting analysis as described in 
Fig. 6 and Fig. 5, respectively.
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Fig. 27 Dephosphorylation of Atg13 in response to a depletion of nitrogen 
or phosphate.  WT and pho91∆ cells expressing Atg13-6×HA were incubated in 
SD−N and SD−P and total cell lysates were subjected to immunoblotting analysis 
probed with anti-HA antibody.
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Fig. 28 CFP* processing assay in strains deleted for genes related to 
adaptor or receptor proteins for several types of selective autophagy. CFP* 
processing assay was performed in indicated strains as described in Fig. 6. Error 
bars represent standard derivation of three independent experiments. **p<0.01.
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Fig. 29 GFP-Atg8 processing assay in strains deleted for genes related to 
adaptor or receptor proteins for several types of selective autophagy. GFP-
Atg8 processing assay was performed in indicated strains as described in Fig. 5. 
Error bars represent standard derivation of three independent experiments. 
**p<0.01 and ****p<0.0001.
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Fig. 30 Dephosphorylation of Atg13 in atg11∆ cells. pho91∆ and 
atg11∆pho91∆ cells expressing Atg13-6×HA were incubated in SD−N and SD−P 
and total cell lysates were subjected to immunoblotting analysis probed with anti-
HA antibody.
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Fig. 31 Atg11 mutant lacking cargo recognition domain. (A) Amino acid 
sequence of Atg11. Double arrows show interaction site for indicated Atg proteins 
(B) Ape1 processing assay in Atg11 mutant. pho91∆ cells harboring empty vector 
(pRS415) and atg11∆pho91∆ cell harboring empty vector, pRS415-3FLAG-
ATG11 and pRS415-3FLAG-ATG11(1-859) respectively, were grown in SD 
medium to an early log phase. Total cell lysates were subjected to 
immunoblotting analysis with anti-FLAG, anti-Ape1, and anti-PGK antibodies.
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Fig. 32 CFP* processing assay in Atg11 mutant strains. CFP* processing 
assay was performed in strains used in Fig. 31B as described in Fig. 6. Error 
bars represent standard derivation of three independent experiments. *p<0.05, 
***p<0.001 and ****p<0.0001.
0 
20 
40 
60 
80 
100 
− − WT 1-859 
0 
5 
10 
15 
20 
25 
− − WT 1-859 
*
***
***
****
pho91∆ atg11∆pho91∆
3FLAG-Atg11 :
pho91∆ atg11∆pho91∆
<SD−N 4 h> <SD−P 8 h>
pho91∆ + empty vector atg11∆pho91∆ + empty vector
SD−N 
0 1 2 3 4
SD−P 
0 2 4 6 8 10
SD−N 
0 1 2 3 4
SD−P 
0 2 4 6 8 10Time (h)
GFP-Atg8
GFP
Pgk1
atg11∆pho91∆ + Atg11(WT) atg11∆pho91∆ + Atg11(1-859)
SD−N 
0 1 2 3 4
SD−P 
0 2 4 6 8 10
SD−N 
0 1 2 3 4
SD−P 
0 2 4 6 8 10Time (h)
GFP-Atg8
GFP
Pgk1
D
eg
ra
da
tio
n 
ra
te
 o
f 
G
FP
-A
tg
8 
(%
)
A
B
Fig. 33 GFP-Atg8 processing assay in Atg11 mutant trains. GFP-Atg8 
processing assay was performed in strains used in Fig. 31B as described in Fig. 
5. Error bars represent standard derivation of three independent experiments. 
*p<0.05, **p<0.01 and ****p<0.0001.
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Fig. 34 Autophagic activity in atg29∆ strain. Processing assays using (A) 
CFP* and (B) GFP-Atg8 were performed in pho91∆ (open, solid line) and 
atg29∆pho91∆ (closed, dashed line) cells as described in Fig. 6 and Fig. 5, 
respectively. (C) Quantification of signals from immunoblotting analysis of Fig. 
34A and 34B. Autophagic activities were calculated as described in Fig. 6 and 
Fig. 5, respectively. Error bars represent standard derivation of three independent 
experiments. 
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Fig. 35 Phosphorylation of Atg29 in response to a depletion of nitrogen or 
phosphate. (A) WT (open, solid line) and pho91∆ (closed, dashed line) cells 
expressing Atg29-6×HA were grown in SD medium to an early log phase, and 
then transferred to SD−N (blue circle), SD−P (red triangle) and fresh SD (black 
square) medium. Total cell lysates were prepared at the indicated time points and 
analyzed by immunoblotting analysis probed with anti-A antibody. (B) 
Phosphorylation rate of Atg29 calculated from immunoblotting analysis of Fig. 
35A. Error bars represent standard derivation of three independent experiments.
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Fig. 36 Phosphorylation of Atg29 in atg11∆ and atg17∆ strains. pho91∆ 
(open circle, solid line), atg11∆pho91∆ (closed triangle, dashed line) and 
atg17∆pho91∆ (closed square, dashed line) cells expressing Atg29-6×HA were 
analyzed as described in Fig. 35. Error bars represent standard derivation of 
three independent experiments.
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Fig. 37 Phosphorylation of Atg29 in Atg11 mutant strains. pho91∆ cells 
harboring empty vector (pRS416) and atg11∆pho91∆ cells harboring empty 
vector, pRS416-3FLAG-ATG11 and pRS416-3FLAG-ATG11(1-859) were used for 
the analysis. All of these express Atg29-6×HA and the analysis was performed as 
described in Fig. 35. Error bars represent standard derivation of three 
independent experiments.
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Fig. 38 Ape1 processing assay in strains deleted for genes related to 
vesicle transport from endosome to the Golgi. (A) Indicated strains were 
grown in SD medium to an early log phase, and then transferred to SD−N and 
SD−P medium. Total lysates were prepared at the indicated time points and 
analyzed by immunoblotting analysis with anti-Ape1 antibody. (B) Quantification 
of signals from immunoblotting analysis of Fig. 38A. The intensities of prApe1 
and mApe1 were measured and the maturation rate of Ape1 (the rate of mApe1 
signal to the sum of prApe1 and mApe1) were shown in (B). Error bars represent 
standard derivation of three independent experiments. *p<0.05, **p<0.01, 
***p<0.001 and ****p<0.0001.
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Fig. 39 CFP* processing assay in strains deleted for genes related to 
vesicle transport from endosome to the Golgi. CFP* processing assay was 
performed in indicated strains as described in Fig. 6. Error bars represent 
standard derivation of three independent experiments. *p<0.05, **p<0.01 and 
****p<0.0001.
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Fig. 40 GFP-Atg8 processing assay in strains deleted for genes related to 
vesicle transport from endosome to the Golgi. GFP-Atg8 processing assay 
was performed in indicated strains as described in Fig. 5. Error bars represent 
standard derivation of three independent experiments. *p<0.05 and ****p<0.0001.
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Fig. 41 Ape1 processing assay in strains deleted for Atg genes related to 
Cvt pathway. Ape1 processing assay was performed in indicated strains as 
described in Fig. 38. Error bars represent standard derivation of three 
independent experiments. **p<0.01, ***p<0.001 and ****p<0.0001.
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Fig. 42 CFP* processing assay in strains deleted for Atg genes related to 
Cvt pathway. CFP* processing assay was performed in indicated strains as 
described in Fig. 6. Error bars represent standard derivation of three independent 
experiments. *p<0.05, **p<0.01 and ****p<0.0001.
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Fig. 43 GFP-Atg8 processing assay in strains deleted for Atg genes related 
to Cvt pathway. GFP-Atg8 processing assay was performed in indicated strains 
as described in Fig. 5. Error bars represent standard derivation of three 
independent experiments. *p<0.05, **p<0.01, ***p<0.001 and ****p<0.0001.
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Fig. 44 Summary of autophagic defects by single deletion of Cvt pathway-
related genes. Strains deleted for indicated genes were starved with nitrogen for 
4 h or phosphate for 8 h, and the autophagic activities were measured by 
processing assay using three reporters, Ape1, GFP-Atg8 and CFP*. The 
activities in mutants were normalized with those of WT cells under an identical 
condition and classified by the relative value. −−−:0-0.2; −−: 0.2-0.5; −: 0.5-0.8; +: 
0.8 and over. 
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 ǐĆĻ˒Ƽ5óǜ1"/ ùˁḺ11B4ǐĆĻ˒Ƽ5ɾ̄4K*G ƥŗL
̱*ǔĀĿņĿņ̟˭ņɓɥɝƆȹƂȷȭņé̌Ʒƪ ̜̄ ƹƍ ĆĻüȭƂ
ȷȭņé̌Ʒƪ ɘ˚ Ƌʐń ĆĻ4ȑ˓5ƑLʲ$H 
 
 β-WZobjg5ȈƉȚŉ4ȹ*}dp pHS6 L˖ȗ"/̱*Ƽ̄ɝ
ņɍ NBRP̈Ƕ4ƒ˓5ƑLʲ$HOrRȡŭE9ĒɢO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